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QUINOLONES AND AZAQUINOLONES THAT
INHIBIT PROLYL HYDROXYLASE

CROSS REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/925,285, filed on Apr. 18, 2007, and U.S.
Provisional Application No. 60/927,748, filed on May 4,
2007, which are both hereby incorporated by reference 1n
their entireties and for all purposes as 11 fully set forth herein.

FIELD OF THE INVENTION

The present mvention relates to compounds capable of
inhibiting prolyl hydroxylases such as HIF prolyl hydroxy-

lases, compounds that modulate HIF levels, compounds that
stabilize HIF, compositions comprising the compounds, and
methods for their use for controlling HIF levels. The com-
pounds and compositions may be used to treat diseases or
conditions modulated by HIF such as ischemia, anemia,
wound healing, auto-transplantation, allo-transplantation,
xeno-transplantation, systemic high blood pressure, thalas-
semia, diabetes, cancer, and inflammatory disorders.

BACKGROUND OF THE INVENTION

The cellular transcription factor HIF (Hypoxia Inducible
Factor) occupies a central position 1n oxygen homeostasis 1n
a wide range of organisms and 1s a key regulator of responses
to hypoxia. The genes regulated by HIF transcriptional activ-
ity can play critical roles 1n angiogenesis, erythropoiesis,
hemoglobin F production, energy metabolism, inflammation,
vasomotor function, apoptosis and cellular proliferation. HIF
can also play a role 1n cancer, 1n which 1t1s commonly upregu-
lated, and 1n the pathophysiological responses to 1schemia

and hypoxia.

The HIF transcriptional complex comprises an afd het-
crodimer: HIF-p 1s a constitutive nuclear protein that dimer-
1zes with oxygen-regulated HIF-o. subunits. Oxygen regula-

tion occurs through hydroxylation of the HIF-a subunits,
which are then rapidly destroyed by the proteasome. In oxy-
genated cells, the von Hippel-Lindau tumor suppressor pro-
tein (pVHL) binds to hydroxylated HIF-a subunits, thereby
promoting their ubiquitin dependent proteolysis. This pro-
cess 1s suppressed under hypoxic conditions, stabilizing
HIF-a and promoting transcriptional activation by the HIF

a.p complex. See, e.g., U.S. Pat. No. 6,787,326.

Hydroxylation of HIF-¢. subunits can occur on proline and
asparagine residues and can be mediated by a family of
2-oxoglutarate dependent enzymes. This family includes the
HIF prolyl hydroxylase 1sozymes (PHDs), which hydroxy-
late Pro 402 and Pro 564 of human HIF 1, as well as Factor
Inhibiting HIF (FIH), which hydroxylates Asn 803 of human
HIF1c. Inhibition of FIH or the PHDs leads to HIF stabiliza-
tion and transcriptional activation. See, e.g., Schofield and
Ratcliffe, Nature Rev. Mol. Cell. Biol., Vol 5, pages 343-354
(2004).
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2
SUMMARY OF THE INVENTION

In one aspect, the invention provides at least one compound
of Formula I:

a pharmaceutically acceptable salt thereof, a tautomer
thereof, or a pharmaceutically acceptable salt of the tautomer;
or a solvate thereoft, a chelate thereof, a non-covalent complex
thereol, a prodrug thereof, or a mixture of any of the forego-
ing, wherein:

I, K, L, and M are independently selected from CR, or N,
wherein 0, 1, or 2 of J, K, L, and M are N;

nis 1 to 6;

R, and R, are independently selected from H, lower alkyl,
substituted lower alkyl, lower haloalkyl, or substituted lower
haloalkyl, or R, and R, can join together to form a 3 to 6
membered ring or a substituted 3 to 6 membered ring;

R, and R, are independently selected 1n each instance from
H, lower alkyl, substituted lower alkyl, lower haloalkyl, or
substituted lower haloalkyl, or R; and R, can join together to
form a 3 to 6 membered ring or a substituted 3 to 6 membered
ring,

R 1s selected from OH, SH, NH,, lower alkyl, substituted
lower alkyl, lower alkoxy, substituted lower alkoxy, or sulfa-
nyl;

R. 1s selected from H, OH, lower alkoxy, SH, NH,,
NHSO,R,, or sulfonyl;

R, 1s selected from H, lower alkyl, or substituted lower
alkyl;

cach R, 1s independently selected from H, F, Cl, Br, 1, alkyl,
substituted alkyl, haloalkyl, perhaloalkyl, alkenyl, substi-
tuted alkenyl, alkynyl, substituted alkynyl, NR,R _, C(O)OR.,,
OR,, SR,, SO,R,, CN, NO,, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, heteroaryl, substituted heteroaryl, het-
croarylalkyl, substituted heteroarylalkyl, heterocyclyl, sub-
stituted heterocyclyl, heterocyclylalkyl, substituted heterocy-

clylalkyl, alkoxycarbonyl, substituted alkoxycarbonyl, or
Y—R,,, wherein:

Y 1s selected from —N(R ;) —7Z—or —7Z—N(R, ; )—;

7. 1s selected from C(O), SO,, alkylene, substituted alky-
lene, alkenylene, substituted alkenylene, alkynylene, or sub-
stituted alkynylene;

R, 1s selected from H, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, or substituted alkynyl;

R, 1s selected from H, heterocyclyl, substituted heterocy-
clyl, aryl, substituted aryl, heteroaryl or substituted het-
eroaryl;

R, 1s selected from H, lower alkyl, or substituted lower
alkyl; and R, and R _are independently selected from H, lower
alkyl, substituted lower alkyl, lower haloalkyl, or substituted
lower haloalkyl, or R ; and R, can jo1in together to form a 3 to
6 membered ring or a substituted 3 to 6 membered ring.

In some embodiments of the compound of Formula I, each
of I, K, L, and M 1s CR,. In other embodiments, one of I, K,
L, and M 1s N, and the other three of I, K, L, and M are CR.

In some such embodiments, J1s N, and K, L, and M are CR.
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In other such embodiments, K 1s N, and J, L, and M are CR.
In still other such embodiments, L 1s N, and J, K, and M are
CR,. In still other such embodiments, M 1s N, and I, K, and L
are CR,.

In some embodiments of the compound of Formula I, R. 1s
OH.

In some embodiments of the compound of Formula I, R 1s
selected from OH, SH, NH,, NHSO,R,, or sultonyl. In some

such embodiments, R, 1s OH.

In some embodiments of the compound of Formula I, at
least one mstance of Ry 1s a substituted or unsubstituted aryl,
a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted cycloalkyl, or a substituted or unsubstituted
heterocyclyl group. In some such embodiments, at least one
instance of Ry 1s a heterocyclyl group. In other such embodi-
ments, at least one nstance of Ry 1s a heteroaryl group. In
other such embodiments, at least one instance of R, 1s a
phenyl or substituted phenyl group.

In some embodiments of the compound of Formula I, at
least one instance ol R, 1s independently selected from halo or
a moiety substituted with at least one halo. For example, 1n
some embodiments, at least one instance of R, 1s haloalkyl. In
some embodiments, at least one nstance of Ry 1s a perha-
loalkyl. In some such embodiments, the perhaloalkyl 1s a
pertluoroalkyl group such as CF,.

In some embodiments of the compound of Formula I, n 1s
1.

In some embodiments of the compound of Formula I, R,
and R, are independently chosen from H and lower alkyl. In
some such embodiments, R, and R, are both H. In some such
embodiments, n1s 1. In still other such embodiments, R, and
R, are selected from H and lower alkyl, and in some such
embodiments, R, and R, are both H. Therefore, in some
embodiments R;, R,, R;,and R, areall Hand n1s 1.

In some embodiments of the compound of Formula I, R,
and R, are independently chosen from H and lower alkyl. In
some such embodiments, R, and R, are independently
selected from H and methyl. In some such embodiments, R,
and R, are both H.

In some embodiments of the compound of Formula I, n 1s
1;R,1sH; R,1s H; R;1s H; R, 1s H; R. 1s OH; R 1s OH, or a
salt or prodrug thereof.

In some embodiments of the compound of Formula I, R 1s
H. In other embodiments, R, 1s a lower alkyl group. In some
such embodiments, R, 1s a methyl. In still other embodiments,

R- 1s a substituted lower alkyl selected from an arylalkyl, a
heteroarylalkyl, a heterocyclylalkyl, a cycloalkylalkyl, a

hydroxvalkyl, an alkoxyalkyl, or a haloalkyl.

In some embodiments, the compound of Formula I has the
Formula IA, and the variables R, R, and each R, have the
definitions provided 1n any of the aspects and embodiments
described above.

IA

In some embodiments, the compound of Formula I has the
Formula IB, and the vanables R, R,, and each R, have the
definitions provided in any of the aspects and embodiments
described above.
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IB

In some embodiments, the compound of Formula I has the
Formula IC, and the variables R, R, and each R, have the
definitions provided in any of the aspects and embodiments
described above.

IC
Rq OH O
R
AU 5
‘ ;
RZ /\T O
Rg R7

In some embodiments, the compound of Formula I has the
Formula ID, and the variables R<, R-, and each R, have the
definitions provided 1n any of the aspects and embodiments
described above.

In some embodiments, the compound of Formula I has the
Formula IE, and the variables R, R, and each R, have the
definitions provided in any of the aspects and embodiments
described above.

IE
Rq oL O
Rg Rs
Z QO
Ry N I‘\T O
R7

In other embodiments, the compound 1s selected from any
one or all of those listed below or 1s a salt thereof, a tautomer
thereof, or a salt of the tautomer:
4-(4-hydroxy-6-10do-1-methyl-2-0x0-1,2-dihydro-1,8-

naphthyridin-3-yl)-4-oxobutanoic acid;
4-(8-bromo-4-hydroxy-1-methyl-2-o0xo0-1,2-dihydroquino-

l1n-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-oxo-7-(trifluoromethyl)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
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4-(7-bromo-4-hydroxy-1-methyl-2-ox0-1,2-dihydroquino-
lin-3-y1)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydroquinolin-3-yl1)-4-
oxobutanoic acid;
4-(1-benzyl-7,8-difluoro-4-hydroxy-2-o0xo-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(6-bromo-4-hydroxy-1-methyl-2-oxo0-1,2-dihydroquino-
lin-3-yl)-4-oxobutanoic acid;
4-(5-bromo-4-hydroxy-1-methyl-2-oxo0-1,2-dihydroquino-
lin-3-yl)-4-oxobutanoic acid;
4-(5,8-difluoro-4-hydroxy-1-methyl-2-ox0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(7,8-ditluoro-4-hydroxy-1-methyl-2-oxo-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid; or
4-(3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-0x0-1,2-
dihydroquinolin-7-yl)benzoic acid.

In still other embodiments, the compound 1s selected from
any one or all of those listed below or 1s a salt thereof, a
tautomer thereot, or a salt of the tautomer:
4-(6-cyclohexyl-4-hydroxy-1-methyl-2-0xo0-1,2-dihydro-1,

8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0xo0-6-phenyl-1,2-dihydro-1,8-

naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-(4-fluorophenyl)-4-hydroxy-1-methyl-2-0xo0-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-cyclopentyl-4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,
8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydrofuran-2-yl)-1,2-
dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydrofuran-3-yl)-1,2-
dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydro-2H-pyran-4-
y1)-1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic
acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydro-2H-pyran-2-
y1)-1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic
acid;
4-(6-(2-fluorophenyl)-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-(3-tfluorophenyl)-4-hydroxy-1-methyl-2-oxo0-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-6-10do-1-methyl-2-0x0-1,2-dihydroquinolin-
3-yl)-4-oxobutanoic acid;
4-(7,8-ditluoro-4-hydroxy-6-10do-1-methyl-2-0xo0-1,2-di-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-phenyl-1,2-dihydroquino-
lin-3-yl)-4-oxobutanoic acid;
4-(6-(4-fluorophenyl)-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(6-(3-fluorophenyl)-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(6-(2-fluorophenyl)-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-0x0-1,2-
dihydroquinolin-6-yl)benzoic acid;
4-(6-(3-carboxypropanoyl)-5-hydroxy-8-methyl-7-0x0-7,8-
dihydro-1,8-naphthyridin-3-yl)benzoic acid;
6-(3-carboxypropanoyl)-5-hydroxy-8-methyl-7-0x0-7,8-di-
hydro-1,8-naphthyridine-3-carboxylic acid;
3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-ox0-1,2-di-
hydroquinoline-6-carboxylic acid;
4-(6-cyclopropyl-7,8-difluoro-4-hydroxy-1-methyl-2-oxo-
1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(7,8-difluoro-4-hydroxy-1-methyl-2-oxo0-6-(tetrahydrofu-
ran-2-yl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(8-chloro-7-fluoro-4-hydroxy-1-methyl-2-oxo-1,2-dihyd-
roquinolin-3-yl)-4-oxobutanoic acid;
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4-(7,8-dichloro-4-hydroxy-1-methyl-2-0xo0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-ox0-1,2-di-
hydrogquinoline-7-carboxylic acid;
4-(7,8-difluoro-4-hydroxy-1-methyl-2-ox0-6-(tetrahydrotu-
ran-3-yl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-oxo-7-(trifluoromethyl)-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-7-phenyl-1,2-dihydroquino-
l1n-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl)-7,8-difluoro-4-hydroxy-1-methyl-
2-0x0-1,2-dihydroquinoline-6-carboxylic acid;
4-(7,8-ditluoro-4-hydroxy-1-methyl-2-0xo0-6-phenyl-1,2-d1-
hydrogquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-phenyl-7-(trifluorom-
cthyl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-o0xo0-7-(thiophen-2-yl)-1,2-dihyd-
roquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-o0xo0-7-(thiophen-3-yl)-1,2-dihyd-
roquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(thiophen-2-yl1)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(thiophen-3-yl1)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-cyclopropyl-4-hydroxy-1-methyl-2-oxo-7-(trifluorom-
ethyl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(1-benzyl-7-bromo-4-hydroxy-2-o0xo-1,2-dihydroquino-
l1n-3-yl)-4-oxobutanoic acid;
4-(1-benzyl-4-hydroxy-2-oxo-7-(trifluoromethyl)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(1-benzyl-4-hydroxy-2-0xo-1,2-dihydroquinolin-3-yl)-4-
oxobutanoic acid;
4-(1-benzyl-4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyri-
din-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(trifluoromethyl)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(7-bromo-4-hydroxy-1-methyl-2-oxo0-1,2-dihydro-1,5-
naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,5-naphthyri-
din-3-vl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-7-(thiophen-2-yl)-1,2-dihy-
dro-1,5-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-7-(thiophen-3-yl)-1,2-dihy-
dro-1,5-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,7-naphthyri-
din-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-phenyl-1,2-dihydro-1,7-
naphthyridin-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-ox0-1,2-di-
hydro-1,7-naphthyridine-6-carboxylic acid; or
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,8-naphthyri-
din-3-vyl)-4-oxobutanoic acid.

In some embodiments, the at least one compound 1s a salt.
Such salts may be anhydrous or associated with water as a
hydrate.

In some embodiments, the compound is a prodrug. In some
such embodiments, the compound 1s a (C,-Cy)alkyl ester
such as a methyl, ethyl, propyl, butyl, pentyl, or hexyl ester.

In some embodiments, the compound 1s a compound 1n
which the CPHI1 1C., value divided by the PHD?2 IC., value
1s greater than 5, greater than 8, greater than 10, greater than
15, greater than 20, or 1s even higher. In some such embodi-
ments, the CPH1 IC, value divided by the PHD2 IC,, value
1s greater than 10.

Also provided herein are pharmaceutical compositions that
include at least one pharmaceutically acceptable carrier, and
a therapeutically effective amount of at least one compound
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of any of the embodiments described herein. In such embodi-
ments, the at least one compound 1s present 1n an amount
ellfective for the treatment of at least one disease selected from
1schemia, anemia, wound healing, auto-transplantation, allo-
transplantation, xeno-transplantation, systemic high blood
pressure, thalassemia, diabetes, cancer, or an intflammatory
disorder.

In some embodiments, the mvention provides a pharma-
ceutical composition that includes a compound of any of the
embodiments 1 an amount eflective for increasing the
amount of erythropoietin in the blood of a subject.

Further provided are pharmaceutical compositions that
include at least one pharmaceutically acceptable carrier, and
a therapeutically eflective amount of at least one compound
ol any of the embodiments described herein 1n combination
with at least one additional compound such as an erythropoie-
s1s stimulating agent or a chemotherapeutic agent.

Additionally provided 1s a method of increasing or stabi-
lizing HIF levels or activity 1n a subject by administering to
the subject at least one compound of any of the embodiments
described herein.

Further provided 1s a method of treating a condition where
it 1s desired to modulate HIF activity comprising administer-
ing to a subject at least one compound of any of the embodi-
ments described herein. In some such embodiments, the con-
dition 1s selected from at least one of ischemia, anemia,
wound healing, auto-transplantation, allo-transplantation,
xeno-transplantation, systemic high blood pressure, thalas-
semia, diabetes, cancer, or an inflammatory disorder.

Also provided 1s amethod of treating a hypoxic or 1schemic
related disorder in a subject comprising administering to a
subject at least one compound of any of the embodiments
described herein.

Also provided 1s a method of treating anemia 1n a subject
comprising administering to a subject at least one compound
of any of the embodiments described herein.

Also provided 1s a method for increasing the amount of
erythropoietin 1n the blood or plasma of a subject. Such
methods include administering a therapeutically effective
amount of the compound of any one of the embodiments to
the subject. Therelore, 1n some embodiments, a compound of
any one of the embodiments 1s used 1n a method for increasing
the level of erythropoietin in the blood of a subject.

Further provided 1s a method of modulating the amount of
HIF in a cell comprising contacting the cell with at least one
compound of any of the embodiments described herein.

Additionally provided i1s a method of increasing the
amount of hemoglobin F 1n a subject comprising administer-
ing to the subject at least one compound of any of the embodi-
ments described herein.

Also provided 1s a method of modulating angiogenesis in a
subject comprising administering to the subject at least one
compound of any of the embodiments described herein.

Additionally provided 1s a method of treating at least one
disease 1n a patient 1n need of such treatment comprising
administering to the patient a therapeutically effective
amount of at least one compound of any of the embodiments
described herein. In some such embodiments, the at least one
disease 1s selected from 1schemia, anemia, wound healing,
auto-transplantation, allo-transplantation, xeno-transplanta-
tion, systemic high blood pressure, thalassemia, diabetes,

cancer, or an intflammatory disorder.

Also provided 1s a method of inhibiting HIF hydroxylation
in a subject comprising administering to the subject at least
one compound of any of the embodiments described herein.
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In some embodiments, the HIF PHD inhibitory activity
IC;, value of the compound 1s 40 uM or less. In other embodi-
ments, the HIF PHD inhibitory activity 1C., value of the
compound 1s 10 uM or less.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament.

In some such embodiments, the at least one compound of
any of the embodiments 1s used 1n the preparation of a medi-
cament for increasing or stabilizing HIF levels or activity in a
subject.

In some such embodiments, the at least one compound of
any of the embodiments 1s used 1n the preparation of a medi-

cament for treating a condition where it 1s desired to modulate
HIF activity. In some such embodiments, the condition 1s
selected from at least one of 1schemia, anemia, wound heal-
ing, auto-transplantation, allo-transplantation, xeno-trans-
plantation, systemic high blood pressure, thalassemia, diabe-
tes, cancer, or an inflammatory disorder.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for treating a hypoxic or 1schemic related disorder 1n a sub-
ject.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for modulating the amount if HIF 1n a cell. In some embodi-
ments, the at least one compound according to any of the
embodiments 1s used to modulate the amount of HIF 1n a cell.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for modulating angiogenesis in a subject.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for inhibiting HIF hydroxylation 1n a subject.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for treating anemia.

Other objects, features and advantages of the invention will
become apparent to those skilled 1n the art from the following
description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a graph illustrating the ratio of fluorescence signal
to background generated by the interaction of Eu-VCB with
streptavidin-APC-hydroxyprolyl HIF 1o peptide.

FIGS. 2A and 2B are graphs illustrating the ratio of TR-
FRET signal generated by the interaction of Eu-VCB with
streptavidin-APC-hydroxyprolyl HIF1a. peptide over back-
ground signal generated by the interaction of Eu-VCB with
streptavidin-APC-HIF1a peptide (nonhydroxylated). FIG.
2A 1llustrates a 0-125 nM peptide range and FIG. 2B 1llus-

trates a 0-10 nM peptide range.

FIGS. 3A and 3B are graphs 1llustrating VCB binding and
TR-FRET detection for determining HIF PHD2 hydroxyla-
tion of a HIF1a peptide. FIG. 3A illustrates a time course for

the hydroxylation of the HIFloa peptide with increasing
amounts of HIF PHD2 enzyme. FIG. 3B illustrates initial

rates with increasing enzyme concentrations.

FIG. 4 1s a graph 1llustrating levels of erythropoietin (Epo)
in the plasma as a function of time after admimstration of
vehicle (bottom line), and 50 mg/kg PO of each of Example 4,
Example 7, and Example 8.
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DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, reaction conditions, and so forth used in
the specification and claims are to be understood as being
modified 1n all instances by the term “about.” Accordingly,
unless indicated to the contrary, the numerical parameters set
forth 1n the following specification and attached claims are
approximations that may vary depending upon the standard
deviation found 1n their respective testing measurements.

As used herein, 1f any variable occurs more than one time
in a chemical formula, 1ts definition on each occurrence 1s
independent of its definition at every other occurrence. If the
chemical structure and chemical name conflict, the chemical
structure 1s determinative of the i1dentity of the compound.
The compounds of the present disclosure may contain one or
more chiral centers and/or double bonds and therefore, may
ex1ist as stereoisomers, such as double-bond i1somers (i.e.,
geometric 1somers), enantiomers or diasterecomers. Accord-
ingly, any chemical structures within the scope of the speci-
fication depicted, in whole or 1n part, with a relative configu-
ration encompass all possible enantiomers and stereoisomers
of the illustrated compounds including the stereoisomerically
pure form (e.g., geometrically pure, enantiomerically pure or
diastereomerically pure) and enantiomeric and stereoiso-
meric mixtures. Enantiomeric and stereoisomeric mixtures
can be resolved into the component enantiomers or stereoi-
somers using separation techniques or chiral synthesis tech-
niques well known to the skilled artisan.

Compounds of Formula I include, but are not limited to,
optical 1somers of compounds of Formula I, racemates, and
other mixtures thereot. In those situations, the single enanti-
omers or diastereomers, 1.e., optically active forms, can be
obtained by asymmetric synthesis or by resolution of the
racemates. Resolution of the racemates can be accomplished,
for example, by conventional methods such as crystallization
in the presence of a resolving agent, or chromatography,
using, for example a chiral high-pressure liquid chromatog-
raphy (HPLC) column. In addition, compounds of Formula I
include Z- and E-forms (or cis- and trans-forms) of com-
pounds with double bonds.

Compounds of the invention may exist in multiple tauto-
meric forms. These forms are 1llustrated below as “Tautomer
A”, “Tautomer B, and “Tautomer C”’:

Tautomer A

Tautomer B
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-continued

Tautomer C

Compounds of the invention are depicted structurally and
named as compounds 1n the “Tautomer A” form. However, 1t
1s specifically contemplated that the compounds may also

exist i “Tautomer B” or “Tautomer C” form and compounds
in “Tautomer B” form or “Tautomer C” form or another
tautomeric form are expressly considered to be part of the
invention.

Compounds of the present disclosure include, but are not
limited to, compounds of Formula I and all pharmaceutically
acceptable forms thereof. Pharmaceutically acceptable forms
of the compounds recited herein include pharmaceutically
acceptable salts, solvates, crystal forms (including polymor-
phs and clathrates), chelates, non-covalent complexes, pro-
drugs, and mixtures thereof. In certain embodiments, the
compounds described herein are in the form of pharmaceuti-
cally acceptable salts. As used herein, the term “compound”
encompasses not only the compound 1tself, but also a phar-
maceutically acceptable salt thereol, a solvate thereof, a che-
late thereof, a non-covalent complex thereof, a prodrug
thereof, and mixtures of any of the foregoing.

As noted above, prodrugs also fall within the scope of
chemical entities, for example, ester or amide derivatives of
the compounds of Formula I. The term “prodrugs™ includes
any compounds that become compounds of Formula I when
administered to a patient, e.g., upon metabolic processing of
the prodrug. Examples of prodrugs include, but are not lim-
ited to, acetate, formate, benzoate, carbomethoxy, carboet-
hoxy and like derivatives of functional groups (such as alco-
hol, carboxylic acid, ether, ester, or amine groups) in the
compounds of Formula I. In some embodiments, the prodrugs
of the compounds of Formula I are esters such as methyl,
cthyl, propyl, butyl, pentyl, and hexyl esters.

The term “solvate” refers to the compound formed by the
interaction of a solvent and a compound. Suitable solvates are
pharmaceutically acceptable solvates, such as hydrates,
including monohydrates and hemi-hydrates.

“Alkyl” refers to a saturated, branched, straight-chain, or
cyclic monovalent hydrocarbon group derived by the removal
of one hydrogen atom from a single carbon atom of a parent
alkane. Typical alkyl groups include, but are not limited to,
methyl, ethyl, propyls such as propan-1-yl, propan-2-yl, and
cyclopropan-1-yl, butyls such as butan-1-yl, butan-2-vl,
2-methyl-propan-1-yl, 2-methyl-propan-2-yl, cyclobutan-1-
yl, tert-butyl, and the like. In certain embodiments, an alkyl
group comprises from 1 to 20 carbon atoms. As used herein
the term “lower alkyl” refers to an alkyl group comprising
from 1 to 6 carbon atoms.

“Alkenyl” refers to an unsaturated branched, straight-
chain, or cyclic hydrocarbon group having at least one car-
bon-carbon double bond derived by the removal of one hydro-
gen atom from a single carbon atom of a parent alkene. The
group may be in either the Z- or E-form (c1s or trans) about the
double bond(s). Typical alkenyl groups include, but are not
limited to, ethenyl; propenyls such as prop-1-en-1-yl, prop-
1-en-2-yl, prop-2-en-1-yl (allyl), prop-2-en-2-vyl, cycloprop-
1-en-1-yl; cycloprop-2-en-1-yl; butenyls such as but-1-en-1-
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yl, but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-vl,
but-2-en-1-yl, but-2-en-2-yl, buta-1,3-dien-1-yl, buta-1,3-
dien-2-yl, cyclobut-1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-
1,3-dien-1-yl; and the like. In certain embodiments, an alk-
enyl group has from 2 to 20 carbon atoms and in other
embodiments, from 2 to 6 carbon atoms, 1.¢. “lower alkenyl.”

“Alkynyl” refers to an unsaturated branched or straight-
chain hydrocarbon having at least one carbon-carbon triple
bond derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkyne. Typical alkynyl groups
include, but are not limited to, ethynyl; propynyl; butynyl,
2-pentynyl, 3-pentynyl, 2-hexynyl, 3-hexynyl and the like. In
certain embodiments, an alkynyl group has from 2 to 20
carbon atoms and in other embodiments, from 2 to 6 carbon
atoms, 1.¢. “lower alkynyl.”

“Alkoxy” refers to a radical —OR where R represents an
alkyl group as defined herein. Representative examples
include, but are not limited to, methoxy, ethoxy, propoxy,
butoxy, cyclohexyloxy, and the like. Typical alkoxy groups
include from 1 to 10 carbon atoms, from 1 to 6 carbon atoms
or from 1 to 4 carbon atoms in the R group. Lower alkoxy
groups include (C, ) alkyl groups and, in some embodi-
ments, may include (C,_,) alkyl groups.

“Alkoxycarbonyl” refers to a radical —C(O)—OR where
R 1s as defined above with respect to “Alkoxy”™.

“Alkylene” refers to a divalent saturated hydrocarbon
group derived from a parent alkane by removal of two hydro-
gen atoms. Examples of alkylene group include, but are not
limited to, —CH,—, —CH,CH,—, —CH(CH,)—,
—CH,CH,CH,—, —CH,C(CH;)(H)—, and the like.

“Alkenylene” refers to a divalent unsaturated hydrocarbon
group having at least one carbon-carbon double bond dertved
by the removal of two hydrogen atoms from a parent alkene.
The group may be 1n either the Z- or E-form (cis or trans)
about the double bond(s). Examples of alkenylene groups,
include, but are not limited to, —CH—CH—, —CH—C(H)
CH,—, —CH,C(H)=—C(H)CH,—, and the like.

“Alkynylene” refers to a divalent unsaturated hydrocarbon
group having at least one carbon-carbon triple bond derived
by the removal of two hydrogen atoms from a parent alkyne.
Example of alkynylene groups, include, but are not limited to,
—(C=(C—, —CH,C=C—, —CH,C=CCH,—.

“Aryl” refers to a monovalent aromatic hydrocarbon group
derived by the removal of one hydrogen atom from a single
carbon atom of a parent aromatic ring system. Aryl encom-
passes 5- and 6-membered carbocyclic aromatic rings, for
example, benzene; bicyclic ring systems wherein at least one
ring 1s carbocyclic and aromatic, for example, naphthalene,
indane, and tetralin; and tricyclic ring systems wherein at
least one ring 1s carbocyclic and aromatic, for example, fluo-
rene. For example, aryl includes 3- and 6-membered carbocy-
clic aromatic rings fused to a 3- to 7-membered heterocyclic
ring contaiming 1 or more heteroatoms chosen from N, O, and
S. In certain embodiments, an aryl group can comprise from
6 to 10 carbon atoms. Aryl, however, does not encompass or
overlap 1n any way with heteroaryl, separately defined below.
Hence, 11 one or more carbocyclic aromatic rings 1s fused with
a heterocyclic aromatic ring, the resulting ring system 1s
heteroaryl, not aryl, as defined herein.

“Arylalkyl” or “aralkyl” refers to an acyclic alkyl group in
which one of the hydrogen atoms bonded to a carbon atom,
typically, but not necessarily, a terminal carbon atom, 1s
replaced with an aryl group. Typical arylalkyl groups include,
but are not limited to, benzyl, 2-phenylethan-1-yl, naphthyl-
methyl, 2-naphthylethan-1-yl, naphthobenzyl, 2-naphtho-
phenylethan-1-yl and the like. In certain embodiments, an
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arylalkyl group can be (C,_;,) arylalkyl, e.g., the alkyl group
of the arylalkyl group can be (C, _,,) and the aryl moiety can

be (Cs.0).

“Arylalkenyl” refers to an alkenyl group 1n which a bond to
one of the hydrogen atoms of the alkenyl group 1s replaced
with a bond to an aryl group.

“Arylalkynyl” refers to an alkynyl group 1n which a bond to
one of the hydrogen atoms of the alkynyl group 1s replaced
with a bond to an aryl group.

“Carbonyl” refers to the radical —C(O) group.

“Carboxy” refers to the radical —C(O)OH.

“Cyano” refers to the radical —CN.

“Cycloalkyl” reters to a saturated or unsaturated cyclic
alkyl group. Where a specific level of saturation 1s intended,
the nomenclature “cycloalkanyl” or “cycloalkenyl™ 1s used.
Typical cycloalkyl groups include, but are not limited to,
groups dertved from cyclopropane, cyclobutane, cyclopen-
tane, cyclohexane, and the like. In certain embodiments, the
cycloalkyl group can be C,_,, cycloalkyl, such as, for
example, C;_. cycloalkyl.

“Heterocyclic™, “heterocyclo” or “heterocyclyl” refer to a
saturated or unsaturated, but non-aromatic, cyclic hydrocar-
bon group in which one or more carbon atoms (and any
associated hydrogen atoms) are independently replaced with
the same or different heteroatom and 1ts associated hydrogen
atoms, where approprate. Typical heteroatoms to replace the
carbon atom(s) include, but are not limited to, N, O, and S.
Typical heterocyclyl groups include, but are not limited to,
groups derived from epoxides, imidazolidine, morpholine,
piperazine, piperidine, pyrazolidine, pyrrolidine, quinuclid-
ine, tetrahydrofuran, tetrahydropyran and the like. Substi-
tuted heterocyclyl also includes ring systems substituted with
one or more oxo (—O) or oxide (—O7) substituents, such as
piperidinyl N-oxide, morpholinyl-N-oxide, 1-oxo-1-thio-
morpholinyl and 1,1-dioxo-1-thiomorpholinyl.

“Heterocyclylalkyl” refers to an alkyl group 1n which one
of the hydrogen atoms of the alkyl 1s replaced with a bond to
a heterocyclyl group. Examples of heterocyclylalkyl groups,
include, but are not limited to, morpholinylmethyl, morpholi-
nylethyl, tetrahydrofuranylmethyl, piperidinylmethyl, and
the like.

“Disease” refers to any disease, disorder, condition, symp-
tom, or indication.

“Halo™ or “halogen™ refers to a fluoro, chloro, bromo, or
10do group.

“Haloalky]” refers to an alkyl group 1n which at least one
hydrogen 1s replaced with a halogen. Thus, the term
“haloalky]” includes monohaloalkyl (alkyl substituted with
one halogen atom) and polyhaloalkyl (alkyl substituted with
two or more halogen atoms). The term “perhaloalkyl” means,
unless otherwise stated, an alkyl group 1n which each of the
hydrogen atoms 1s replaced with a halogen atom. For
example, the term “perhaloalkyl”, includes, but 1s not limited
to, trifluoromethyl, pentachloroethyl, 1,1,1-trifluoro-2-
bromo-2-chloroethyl, and the like.

“Heteroaryl” refers to a monovalent heteroaromatic group
derived by the removal of one hydrogen atom from a single
atom of a parent heteroaromatic ring system. Heteroaryl
encompasses S- to 7-membered aromatic, monocyclic rings
containing one or more, for example, from 1 to 4, or 1n certain
embodiments, from 1 to 3, heteroatoms chosen from N, O,
and S, with the remaining ring atoms being carbon; and
polycyclic ring systems containing one or more, for example,
from 1 to 4, or 1n certain embodiments, from 1 to 3, heteroa-
toms chosen from N, O, and S, with the remaining ring atoms
being carbon and wherein at least one heteroatom 1s present in
an aromatic ring. For example, heteroaryl includes a 3- to
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7-membered heteroaromatic ring fused to a 5- to 7-membered
cycloalkyl rng or a carbocyclic aromatic ring and a 5- to
7-membered heteroaromatic ring fused to a 5-to 7-membered
heterocyclic ring. For fused, bicyclic heteroaryl ring systems
wherein only one of the rings contains one or more heteroa-
toms, the point of attachment may be at the heteroaromatic
ring or the carbocyclic ring. When the total number of S and
O atoms 1n the heteroaryl group exceeds 1, those heteroatoms
are not adjacent to one another. In certain embodiments, the
total number of S and O atoms in the heteroaryl group 1s not
more than 2. In certain embodiments, the total number of S
and O atoms 1n the aromatic heterocycle 1s not more than 1.
Heteroaryl does not encompass or overlap with aryl as
defined above. Typical heteroaryl groups include, but are not
limited to, groups dertved from acridine, arsindole, carbazole,
3-carboline, chromane, chromene, cinnoline, furan, 1mida-
zole, indazole, indole, indoline, indolizine, 1sobenzofuran,
1sochromene, 1soindole, 1soindoline, 1soquinoline, 1sothiaz-
ole, 1soxazole, naphthyridine, oxadiazole, oxazole, perimi-
dine, phenanthridine, phenanthroline, phenazine, phthala-
zine, pteridine, purine, pyran, pyrazine, pyrazole, pyridazine,
pyridine, pyrimidine, pyrrole, pyrrolizine, quinazoline,
quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole,
thiazole, thiophene, triazole, xanthene, and the like. In certain
embodiments, the heteroaryl group can be between 5 to 20
membered heteroaryl, such as, for example, a 5 to 10 mem-
bered heteroaryl. In certain embodiments, heteroaryl groups
can be those dernived from thiophene, pyrrole, ben-
zothiophene, benzofuran, indole, pyridine, quinoline, 1mida-
zole, oxazole, and pyrazine.

“Heteroarylalkyl” or “heteroaralkyl” refers to an acyclic
alkyl group 1n which one of the hydrogen atoms bonded to a
carbon atom, typically a terminal or sp” carbon atom, is
replaced with a heteroaryl group. Where specific alkyl moi-
cties are intended, the nomenclature heteroarylalkanyl, het-
eroarylalkenyl, and/or heteroarylalkynyl 1s used. In certain
embodiments, the heteroarylalkyl group can be a 6 to 30
membered heteroarylalkyl, e.g., the alkyl moiety of the het-
eroarylalkyl can include 1 to 10 members and the heteroaryl
moiety of the heteroarylalkyl can include from 5 to 20-mem-
bers.

“Sulfonyl” refers to a radical —S(O),R where R 1s an alky],
substituted alkyl, substituted cycloalkyl, substituted hetero-
cyclyl, substituted aryl, or substituted heteroaryl group as
defined herein. Representative examples include, but are not
limited to, methylsulfonyl, ethylsulfonyl, propylsulionyl,
butylsulfonyl, and the like.

“Sulfanyl” refers to a radical —SR where R 1s an alkyl,
substituted alkyl, substituted cycloalkyl, substituted hetero-
cyclyl, substituted aryl, or substituted heteroaryl group as
defined herein that may be optionally substituted as defined
herein. Representative examples include, but are not limited
to, methylthio, ethylthio, propylthio, butylthio, and the like.

“Pharmaceutically acceptable” refers to generally recog-
nized for use 1n animals, and more particularly in humans.

“Pharmaceutically acceptable salt” refers to a salt of a
compound that 1s pharmaceutically acceptable and that pos-
sesses the desired pharmacological activity of the parent com-
pound. Such salts include: (1) acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, and the like; or
tormed with organic acids such as acetic acid, propionic acid,
hexanoic acid, cyclopentanepropionic acid, glycolic acid,
pyruvic acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric acid, ben-
zoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, and the like; or (2) salts
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formed when an acidic proton present in the parent compound
either 1s replaced by a metal 1on, e.g., an alkali metal 10n, an
alkaline earth 10n, or an aluminum 1on; or coordinates with an
organic base such as ethanolamine, diethanolamine, trietha-
nolamine, N-methylglucamine, dicyclohexylamine, and the

like.

“Pharmaceutically acceptable excipient,” “pharmaceuti-
cally acceptable carrier,” or “pharmaceutically acceptable
adjuvant” refer, respectively, to an excipient, carrier or adju-
vant with which at least one compound of the present disclo-
sure 1s administered. “Pharmaceutically acceptable vehicle”
refers to any of a diluent, adjuvant, excipient or carrier with
which at least one compound of the present disclosure 1s
administered.

“Stereoisomer” refers to an i1somer that differs in the
arrangement of the constituent atoms 1n space. Stereoisomers
that are mirror images of each other and optically active are
termed “enantiomers,” and stereoisomers that are not mirror

images ol one another and are optically active are termed
“diastereomers.”

“Subject” includes mammals and humans. The terms
“human’ and “subject” are used interchangeably herein.

“Substituted” refers to a group 1n which one or more hydro-
gen atoms are each imndependently replaced with the same or
different substituent(s). Typical substituents include, but are
not limited to, —X, —R,,, —OH, —0, —OR,,, —SR,,,
—SH, —S, —NR,,R,,, =NR,,, —CX,, —CF,, —CN,
—NO,, —5(0),R, ;, —OS5(0,)OH, —O5(0),R ),
—OP(O)(OR,,)(OR ), —C(O)R,,, —C(S)R,,, —C(O)
OR,;, —C(O)NR,,R,,, —C(O)OH,
—C(S)OR,;, —NR ;C(O)NR |, R 5, —NR;C(S)NR R,
—NR;C(NR, ) )NR | R, —C(NR,; )NR | R >,
—S(0),NR Rj5, —NR35(0),R,, —NR;C(O)R,,;, and
—S(O)R, , where each X 1s independently a halo; each R, |,
and R, , are independently hydrogen, alkyl, substituted alkyl,
alkyl mterrupted by one or more —O— or —S— groups,
aryl, substituted aryl, arylalkyl, substituted arylalkyl,
cycloalkyl, substituted cycloalkyl, heterocyclyl, substituted
heterocyclyl, heteroaryl, substituted heteroaryl, heteroaryla-
lkvyl, substituted heteroarylalkyl, —NR,;R;.,, —C(O)R, ; or
—S(0),R,; oroptionally R, ,, and R, , together with the atom
to which R, and R, , are attached form one or more hetero-
cyclyl, substituted heterocyclyl, heteroaryl, or substituted
heteroaryl rings; and R, ; and R, are independently hydro-
gen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, cycloalkyl, substituted cycloalkyl, het-
erocyclyl, substituted heterocyclyl, heteroaryl, substituted
heteroaryl, heteroarylalkyl or substituted heteroarylalkyl, or
optionally R,; and R, together with the nitrogen atom to
which R, ; and R, , are attached form one or more heterocy-
clyl, substituted heterocyclyl, heteroaryl, or substituted het-
eroaryl rings. In certain embodiments, a tertiary amine or
aromatic nitrogen may be substituted with on or more oxygen
atoms to form the corresponding nitrogen oxide.

“Therapeutically effective amount™ refers to the amount of
a compound that, when administered to a subject for treating
a disease, or at least one of the clinical symptoms of a disease
or disorder, 1s sufficient to affect such treatment for the dis-
case, disorder, or symptom. The “therapeutically effective
amount” can vary depending on the compound, the disease,
disorder, and/or symptoms of the disease or disorder, severity
of the disease, disorder, and/or symptoms of the disease or
disorder, the age of the subject to be treated, and/or the weight
of the subject to be treated. An appropriate amount 1n any
given mstance can be readily apparent to those skilled 1n the
art or capable of determination by routine experimentation.

bR S 4 4
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“Treating” or “treatment™ of any disease or disorder refers
to arresting or ameliorating a disease, disorder, or at least one
of the clinical symptoms of a disease or disorder, reducing the
risk of acquiring a disease, disorder, or at least one of the
climmical symptoms of a disease or disorder, reducing the
development of a disease, disorder or at least one of the
climical symptoms of the disease or disorder, or reducing the
risk of developing a disease or disorder or at least one of the
climcal symptoms of a disease or disorder. ““Ireating” or
“treatment” also refers to inhibiting the disease or disorder,
cither physically, (e.g., stabilization of a discernible symp-
tom), physiologically, (e.g., stabilization of a physical param-
eter), or both, or inhibiting at least one physical parameter
which may not be discernible to the subject. Further, “treat-
ing”” or “treatment” refers to delaying the onset of the disease
or disorder or at least symptoms thereof in a subject which
may be exposed to or predisposed to a disease or disorder
even though that subject does not yet experience or display
symptoms of the disease or disorder.

Reference will now be made 1n detail to embodiments of
the present disclosure. While certain embodiments of the
present disclosure will be described, 1t will be understood that
it 1s not intended to limit the embodiments of the present
disclosure to those described embodiments. To the contrary,
reference to embodiments of the present disclosure 1s
intended to cover alternatives, modifications, and equivalents
as may be included within the spirit and scope of the embodi-
ments of the present disclosure as defined by the appended
claims.

In one aspect, the invention provides at least one compound
of Formula I:

a pharmaceutically acceptable salt thereof, a tautomer
thereol, or a pharmaceutically acceptable salt of the tautomer;
or a solvate thereof, a chelate thereof, a non-covalent complex
thereol, a prodrug thereot, or a mixture of any of the forego-
ing, wherein:

I, K, L, and M are independently selected from CR, or N,
wherein O, 1, or2 of J, K, L, and M are N;

nis 1 to 6;

R, and R, are independently selected from H, lower alkyl,
substituted lower alkyl, lower haloalkyl, or substituted lower
haloalkyl, or R, and R, can join together to form a 3 to 6
membered ring or a substituted 3 to 6 membered ring;

R, and R, are independently selected 1n each instance from
H, lower alkyl, substituted lower alkyl, lower haloalkyl, or
substituted lower haloalkyl, or R, and R, can join together to
form a 3 to 6 membered ring or a substituted 3 to 6 membered
ring;

R; 1s selected from OH, SH, NH,, lower alkyl, substituted
lower alkyl, lower alkoxy, substituted lower alkoxy, or sulfa-
nyl;

Rs 1s selected from H, OH, lower alkoxy, SH, NH,,
NHSO,R,, or sulfonyl;

R 1s selected from H, lower alkyl, or substituted lower

alkyl;
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cach R, 1s independently selected from H, F, Cl, Br, 1, alkyl,
substituted alkyl, haloalkyl, perhaloalkyl, alkenyl, substi-
tuted alkenyl, alkynyl, substituted alkynyl, NR R _, C(O)OR.,,
OR,, SR,, SO,R,, CN, NO,, aryl, substituted aryl, arylalkyl,
substituted arylalkyl, heteroaryl, substituted heteroaryl, het-
croarylalkyl, substituted heteroarylalkyl, heterocyclyl, sub-
stituted heterocyclyl, heterocyclylalkyl, substituted heterocy-
clylalkyl, alkoxycarbonyl, substituted alkoxycarbonyl, or

Y—R,,, wherein:

Y 1s selected from —N(R, ;) —7Z—or —7Z—N(R, , )—;

Z 1s selected from C(O), SO,, alkylene, substituted alky-

lene, alkenylene, substituted alkenylene, alkynylene, or sub-

stituted alkynylene;
R, 1s selected from H, alkyl, substituted alkyl, alkenyl,

substituted alkenyl, alkynyl, or substituted alkynyl;

R, 1s selected from H, heterocyclyl, substituted heterocy-
clyl, aryl, substituted aryl, heteroaryl or substituted het-
eroaryl;

R, ; 1s selected from H, lower alkyl, or substituted lower
alkyl;and R, and R _are independently selected trom H, lower
alkyl, substituted lower alkyl, lower haloalkyl, or substituted
lower haloalkyl, or R ; and R, can jo1n together to form a 3 to
6 membered ring or a substituted 3 to 6 membered ring.

In some embodiments of the compound of Formula I, each
of I, K, L, and M 1s CR. In other embodiments, one of I, K,

L, and M 1s N, and the other three of I, K, L, and M are CR.

In some such embodiments, J1s N, and K, L, and M are CR.
In other such embodiments, K 1s N, and J, L, and M are CR,.
In still other such embodiments, L 1s N, and J, K, and M are
CR,. In still other such embodiments, M 1s N, and J, K, and L
are CR,,.

In some embodiments of the compound of Formula I, R 1s
OH.

In some embodiments of the compound of Formula I, R 1s
selected from OH, SH, NH,, NHSO,R,, or sulfonyl. In some

such embodiments, R 1s OH.

In some embodiments of the compound of Formula I, at
least one 1nstance of R, 1s a substituted or unsubstituted aryl,
a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted cycloalkyl, or a substituted or unsubstituted

heterocyclyl group. In some such embodiments, at least one
instance of Ry 1s a heterocyclyl group. In other such embodi-
ments, at least one 1nstance of Ry 1s a heteroaryl group. In
other such embodiments, at least one instance of Ry 15 a
phenyl or substituted phenyl group.

In some embodiments of the compound of Formula I, at
least one instance of R, 1s independently selected from halo or
a moiety substituted with at least one halo. For example, 1n
some embodiments, at least one instance ol Ry 1s haloalkyl. In
some embodiments, at least one mnstance of Ry 1s a perha-
loalkyl. In some such embodiments, the perhaloalkyl 1s a
pertluoroalkyl group such as CF,.

In some embodiments of the compound of Formula I, at
least one 1nstance of Ry, 1s any of the groups corresponding to
R, 1n any of the Example compounds.

In some embodiments of the compound of Formula I, n 1s
1.

In some embodiments of the compound of Formula I, R,
and R, are independently chosen from H and lower alkyl. In
some such embodiments, R, and R, are both H.

In some embodiments of the compound of Formula I, R,
and R, are independently chosen from H and lower alkyl. In
some such embodiments, R, and R, are independently
selected from H and methyl. In some such embodiments, R,

and R, are both H.
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In some embodiments of the compound of Formula I, n 1s
1; R, 1s H; R, 1s H; Ry 1s H; R, 1s H; R;1s OH; R, 1s OH, or a
salt or prodrug thereof.

In some embodiments of the compound of Formula I, R, 1s
H. In other embodiments, R- 1s a lower alkyl group. In some
such embodiments, R- 1s amethyl. In still other embodiments,
R, 15 a substituted lower alkyl selected from an arylalkyl, a

heteroarylalkyl, a heterocyclylalkyl, a cycloalkylalkyl, a
hydroxyalkyl, an alkoxyalkyl, or a haloalkyl.

In one embodiment, the compound of Formula I 1s any one
of the Example compounds described herein.

In some embodiments, the compound of Formula I has the
Formula IA, and the variables R, R, and each Ry have the

definitions provided 1n any of the aspects and embodiments
described above.

IA

In some embodiments, the compound of Formula I has the
Formula IB, and the variables R, R, and each R, have the
definitions provided in any of the aspects and embodiments
described above.

In some embodiments, the compound of Formula I has the
Formula IC, and the variables R., R, and each R, have the
definitions provided 1n any of the aspects and embodiments
described above.

IC
Rq OH O
R
AU 5
‘ ;
RS /\T‘J O
Rg R7

In some embodiments, the compound of Formula I has the
Formula ID, and the vaniables R, R, and each R, have the
definitions provided 1n any of the aspects and embodiments
described above.
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In some embodiments, the compound of Formula I has the
Formula IE, and the variables R., R, and each R, have the
definitions provided in any of the aspects and embodiments
described above.

IF
Rg OH 0
> 0
Rg/ \N/\I‘\I 0
R7

Compounds of the present disclosure can contain one or
more chiral centers. Such compounds can be prepared or
1solated as pure stereoisomers, 1.€., as individual enantiomers
or diastereomers, or as stereoisomer-enriched mixtures. All
such stereoisomers, and enriched mixtures thereof, are
included within the scope of the present disclosure. Pure
stereoisomers, and enriched mixtures thereof, can be pre-
pared using, for example, optically active starting materials or
stereoselective reagents well-known 1n the art. Alternatively,
racemic mixtures of such compounds can be separated using,
for example, chiral column chromatography, chiral resolving
agents and the like.

In some embodiments, the at least one compound 1s a salt.
Such salts may be anhydrous or associated with one or more
molecules of water as a hydrate.

In some embodiments, the compound 1s a prodrug. In some
such embodiments, the compound 1s a (C,-Cy)alkyl ester
such as a methyl, ethyl, propyl, butyl, pentyl, or hexyl ester.

In other embodiments, the compound 1s selected from any
one or all of those listed below or 1s a salt thereol, a tautomer
thereol, or a salt of the tautomer:
4-(4-hydroxy-6-10do-1-methyl-2-0x0-1,2-dihydro-1,8-

naphthyridin-3-yl)-4-oxobutanoic acid;
4-(8-bromo-4-hydroxy-1-methyl-2-o0xo0-1,2-dihydroquino-

l1n-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-oxo-7-(trifluoromethyl)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(7-bromo-4-hydroxy-1-methyl-2-ox0-1,2-dihydroquino-
l1n-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydroquinolin-3-yl)-4-
oxobutanoic acid;
4-(1-benzyl-7,8-difluoro-4-hydroxy-2-oxo-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(6-bromo-4-hydroxy-1-methyl-2-o0xo0-1,2-dihydroquino-
l1n-3-yl)-4-oxobutanoic acid;
4-(5-bromo-4-hydroxy-1-methyl-2-o0xo0-1,2-dihydroquino-
l1n-3-yl)-4-oxobutanoic acid;
4-(35,8-difluoro-4-hydroxy-1-methyl-2-ox0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
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4-(7,8-ditluoro-4-hydroxy-1-methyl-2-oxo0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid; or
4-(3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-0x0-1,2-
dihydroquinolin-7-yl)benzoic acid.

In other embodiments, the compound is selected from any 5

one or all of those listed below or 1s a salt thereol, a tautomer

thereot, or a salt of the tautomer:
4-(6-cyclohexyl-4-hydroxy-1-methyl-2-0xo0-1,2-dihydro-1,
8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-phenyl-1,2-dihydro-1,8-
naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-(4-fluorophenyl)-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-cyclopentyl-4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,
8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydrofuran-2-yl)-1,2-
dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydrofuran-3-yl)-1,2-
dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydro-2H-pyran-4-
y1)-1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic
acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(tetrahydro-2H-pyran-2-
y1)-1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic
acid;
4-(6-(2-tfluorophenyl)-4-hydroxy-1-methyl-2-oxo0-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-(3-tfluorophenyl)-4-hydroxy-1-methyl-2-oxo0-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-6-10do-1-methyl-2-0x0-1,2-dihydroquinolin-
3-yl)-4-oxobutanoic acid;
4-(7,8-difluoro-4-hydroxy-6-10do-1-methyl-2-oxo-1,2-di-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-phenyl-1,2-dihydroquino-
lin-3-yl)-4-oxobutanoic acid;
4-(6-(4-fluorophenyl)-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(6-(3-fluorophenyl)-4-hydroxy-1-methyl-2-0xo0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(6-(2-tfluorophenyl)-4-hydroxy-1-methyl-2-ox0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-0x0-1,2-
dihydroquinolin-6-yl)benzoic acid;
4-(6-(3-carboxypropanoyl)-5-hydroxy-8-methyl-7-0x0-7,8-
dihydro-1,8-naphthyridin-3-yl)benzoic acid;
6-(3-carboxypropanoyl)-3-hydroxy-8-methyl-7-0x0-7,8-di-
hydro-1,8-naphthyridine-3-carboxylic acid;
3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-ox0-1,2-di-
hydroquinoline-6-carboxylic acid;
4-(6-cyclopropyl-7,8-difluoro-4-hydroxy-1-methyl-2-oxo-
1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(7,8-difluoro-4-hydroxy-1-methyl-2-oxo0-6-(tetrahydrofu-
ran-2-yl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(8-chloro-7-fluoro-4-hydroxy-1-methyl-2-oxo0-1,2-dihyd-
roquinolin-3-yl)-4-oxobutanoic acid;
4-(7,8-dichloro-4-hydroxy-1-methyl-2-0x0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl ))-4-hydroxy-1-methyl-2-0xo0-1,2-di-
hydroquinoline-7-carboxylic acid;
4-(7,8-difluoro-4-hydroxy-1-methyl-2-oxo0-6-(tetrahydrofu-
ran-3-yl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-oxo-7-(trifluoromethyl)-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0xo0-7-phenyl-1,2-dihydroquino-
lin-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl)-7,8-difluoro-4-hydroxy-1-methyl-
2-0x0-1,2-dihydroquinoline-6-carboxylic acid;
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4-(7,8-ditluoro-4-hydroxy-1-methyl-2-0xo0-6-phenyl-1,2-d1-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-phenyl-7-(trifluorom-
cthyl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0xo0-7-(thiophen-2-yl)-1,2-dihyd-
roquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-o0xo-7-(thiophen-3-yl)-1,2-dihyd-
roquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(thiophen-2-yl1)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(thiophen-3-yl)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(6-cyclopropyl-4-hydroxy-1-methyl-2-oxo-7-(trifluorom-
cthyl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(1-benzyl-7-bromo-4-hydroxy-2-o0xo-1,2-dihydroquino-
l1n-3-yl)-4-oxobutanoic acid;
4-(1-benzyl-4-hydroxy-2-oxo-7-(trifluoromethyl)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(1-benzyl-4-hydroxy-2-oxo-1,2-dihydroquinolin-3-yl)-4-
oxobutanoic acid;
4-(1-benzyl-4-hydroxy-2-oxo-1,2-dihydro-1,8-naphthyri-
din-3-vyl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-(trifluoromethyl)-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(7-bromo-4-hydroxy-1-methyl-2-ox0-1,2-dihydro-1,5-
naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,5-naphthyri-
din-3-vl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-o0xo0-7-(thiophen-2-yl)-1,2-dihy-
dro-1,5-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-o0xo0-7-(thiophen-3-yl)-1,2-dihy-
dro-1,5-naphthyridin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,7-naphthyri-
din-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-6-phenyl-1,2-dihydro-1,7-
naphthyridin-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-ox0-1,2-d1-
hydro-1,7-naphthyridine-6-carboxylic acid; or
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydro-1,8-naphthyri-
din-3-vl)-4-oxobutanoic acid.

In some embodiments, the compound 1s a compound 1n
which the CPH1 IC., value divided by the PHD?2 1C., value
1s greater than S5, greater than 8, greater than 10, greater than
15, greater than 20, or 1s even higher. In some such embodi-
ments, the CPHI1 IC., value divided by the PHD2 IC., value
1s greater than 10.

Also provided herein are pharmaceutical compositions that
include at least one pharmaceutically acceptable carrier,
excipient, or diluent, and a therapeutically effective amount
of at least one compound of any of the embodiments
described herein. In such embodiments, the at least one com-
pound 1s present 1n an amount effective for the treatment of at
least one disease selected from i1schemia, anemia, wound
healing, auto-transplantation, allo-transplantation, xeno-
transplantation, systemic high blood pressure, thalassemia,
diabetes, cancer, or an inflammatory disorder.

Further provided are pharmaceutical compositions that
include at least one pharmaceutically acceptable carrier, and
a therapeutically effective amount of at least one compound
of any of the embodiments described herein in combination
with at least one additional compound such as an erythropoie-
s1s stimulating agent or a chemotherapeutic agent.

Additionally provided 1s a method of increasing or stabi-
lizing HIF levels or activity 1n a subject by administering to
the subject at least one compound of any of the embodiments
described herein.
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Further provided 1s a method of treating a condition where
it 1s desired to modulate HIF activity comprising administer-
ing to a subject at least one compound of any of the embodi-
ments described herein. In some such embodiments, the con-
dition 1s selected from at least one of ischemia, anemia,
wound healing, auto-transplantation, allo-transplantation,
xeno-transplantation, systemic high blood pressure, thalas-
semia, diabetes, cancer, or an inflammatory disorder.

Also provided 1s amethod of treating a hypoxic or 1schemic
related disorder 1n a subject comprising administering to a
subject at least one compound of any of the embodiments
described herein.

Also provided 1s a method of treating anemia 1n a subject
comprising administering to a subject at least one compound
of any of the embodiments described herein.

Further provided 1s a method of modulating the amount of
HIF 1n a cell comprising contacting the cell with at least one
compound of any of the embodiments described herein.

The compounds of the invention may also be used to pre-
pare medicaments or 1n methods for stimulating erythropoie-
s1s 1n a subject. Such methods and medicaments utilize a
compound of any of the embodiments of the invention. In
such methods, a compound of any of the embodiments 1s
typically administered to a subject such as a human subject in
a therapeutically effective amount. Therefore, 1n some
embodiments, a compound of any of the embodiments
described herein 1s used 1n a method for increasing the level of
erythropoietin 1n the blood of a subject. In such methods, a
compound of any of the embodiments 1s administered to the
subject 1n an amount effective to increase the amount of
erythropoietin 1n the blood of the subject.

Additionally provided 1s a method of increasing the
amount of hemoglobin F 1n a subject comprising administer-
ing to the subject at least one compound of any of the embodi-
ments described herein.

Also provided 1s a method of modulating angiogenesis in a
subject comprising administering to the subject at least one
compound of any of the embodiments described herein.

Additionally provided 1s a method of treating at least one
disease 1n a patient 1n need of such treatment comprising
administering to the patient a therapeutically effective
amount of at least one compound of any of the embodiments
described herein. In some such embodiments, the at least one
disease 1s selected from 1schemia, anemia, wound healing,
auto-transplantation, allo-transplantation, xeno-transplanta-
tion, systemic high blood pressure, thalassemia, diabetes,
cancer, or an intflammatory disorder.

Also provided 1s a method of inhibiting HIF hydroxylation
in a subject comprising administering to the subject at least
one compound of any of the embodiments described herein.

In some embodiments, the HIF PHD inhibitory activity
IC,, value of the compound 1s 40 uM or less. In other embodi-
ments, the HIF PHD inhibitory activity 1C., value of the
compound 1s 10 uM or less. In still other embodiments, the
HIF PHD inhibitory activity IC., value of the compound 1s
100 nM or less, whereas 1n others 1t 1s 10 nM or less.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament.

In some such embodiments, the at least one compound of
any of the embodiments 1s used 1n the preparation of a medi-
cament for increasing or stabilizing HIF levels or activity in a
subject.

In some such embodiments, the at least one compound of
any of the embodiments 1s used 1n the preparation of a medi-
cament for treating a condition where it 1s desired to modulate
HIF activity. In some such embodiments, the condition 1s
selected from at least one of 1schemia, anemia, wound heal-
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ing, auto-transplantation, allo-transplantation, xeno-trans-
plantation, systemic high blood pressure, thalassemia, diabe-
tes, cancer, or an inflammatory disorder.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for treating a hypoxic or 1schemic related disorder 1n a sub-
ject.

In some embodiments, the at least one compound of any of

the embodiments 1s used 1n the preparation of a medicament
for modulating the amount if HIF 1n a cell. In some embodi-
ments, the at least one compound according to any of the
embodiments 1s used to modulate the amount of HIF 1n a cell.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for modulating angiogenesis in a subject.

In some embodiments, the at least one compound of any of
the embodiments 1s used 1n the preparation of a medicament
for inhibiting HIF hydroxylation 1n a subject.

In some embodiments, the at least one compound of any of
the embodiments 1s used in the preparation of a medicament
for treating anemia.

The term “composition” as used herein 1s mtended to
encompass a product comprising the specified ingredients
(and 1 the specified amounts, 1f indicated), as well as any
product which results, directly or indirectly, from combina-
tion of the specified ingredients 1n the specified amounts. By
“pharmaceutically acceptable™ 1t 1s meant that the carrier,
excipient, or diluent 1s compatible with the other ingredients

of the formulation and 1s not deleterious to the recipient
thereof.

Composition formulation may improve one or more phar-
macokinetic properties (e.g., oral bioavailability, membrane
permeability) of a compound of the mnvention (herein referred
to as the active ingredient).

The pharmaceutical compositions for the administration of
the compounds of this invention may convemently be pre-
sented 1n umit dosage form and may be prepared by any of the
methods well known in the art. All methods include the step of
bringing the active ingredient into association with the carrier
which constitutes one or more accessory ingredients. In gen-
cral, the pharmaceutical compositions are prepared by uni-
formly and intimately bringing the active ingredient into
association with a liqmd carrier or a finely divided solid
carrier or both, and then, if necessary, shaping the product
into the desired formulation. In the pharmaceutical composi-
tion, the active object compound 1s included in an amount
suificient to produce the desired effect upon the process or
condition of diseases.

The pharmaceutical compositions containing the active
ingredient may be 1n a form suitable for oral use, for example,
as tablets, troches, lozenges, aqueous or oily suspensions,
dispersible powders or granules, emulsions, hard or soft cap-
sules, or syrups or elixirs. Compositions intended for oral use
may be prepared according to any method known to the art for
the manufacture of pharmaceutical compositions. Such com-
positions may contain one or more agents selected from
sweetening agents, flavoring agents, coloring agents and pre-
serving agents in order to provide pharmaceutically elegant
and palatable preparations. Tablets contain the active ingre-
dient 1n admixture with other non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture
of tablets. These excipients may be, for example, nert dilu-
ents, such as calcium carbonate, sodium carbonate, lactose,
calcium phosphate or sodium phosphate; granulating and
disintegrating agents, for example, corn starch, or alginic
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acid; binding agents, for example starch, gelatin or acacia,
and lubricating agents, for example magnesium stearate,
stearic acid, or talc. The tablets may be uncoated or they may
be coated by known techniques to delay disintegration and
absorption 1n the gastrointestinal tract and thereby provide a
sustained action over a longer period. For example, a time
delay material such as glyceryl monostearate or glyceryl dis-
tearate may be employed. They may also be coated by the
techniques described 1n U.S. Pat. Nos. 4,256,108, 4,160,452,
and 4,265,874 to form osmotic therapeutic tablets for control
release.

Formulations for oral use may also be presented as hard
gelatin capsules wherein the active ingredient 1s mixed with
an 1nert solid diluent, for example, calcium carbonate, cal-
cium phosphate, or kaolin, or as soit gelatin capsules wherein
the active ingredient 1s mixed with water or an o1l medium, for
example peanut o1l, liquid paraifin, or olive o1l.

Aqueous suspensions contain the active materials 1n
admixture with excipients suitable for the manufacture of
aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, methylcellu-
lose, hydroxy-propylmethylcellulose, sodium alginate, poly-
vinyl-pyrrolidone, gum tragacanth and gum acacia; dispers-
ing or wetting agents may be a naturally-occurring
phosphatide, for example lecithin, or condensation products
of an alkylene oxide with fatty acids, for example polyoxy-
cthylene stearate, or condensation products of ethylene oxide
with long chain aliphatic alcohols, for example heptadecaeth-
yleneoxycetanol, or condensation products of ethylene oxide
with partial esters derived from fatty acids and a hexitol such
as polyoxyethylene sorbitol monooleate, or condensation
products of ethylene oxide with partial esters dertved from
fatty acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The aqueous suspensions may also con-
tain one or more preservatives, for example ethyl, or n-propyvl,
p-hydroxybenzoate, one or more coloring agents, one or more
flavoring agents, and one or more sweetening agents, such as
sucrose or saccharin.

Oily suspensions may be formulated by suspending the
active ingredient in a vegetable o1l, for example arachis oil,
olive o1l, sesame o1l, or coconut o1l, or 1n a mineral o1l such as
liquid paratiin. The oily suspensions may contain a thicken-
ing agent, for example beeswax, hard parailin, or cetyl alco-
hol. Sweetening agents such as those set forth above, and
flavoring agents may be added to provide a palatable oral
preparation. These compositions may be preserved by the
addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation
of an aqueous suspension by the addition of water provide the
active ingredient 1n admixture with a dispersing or wetting
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agent, suspending agent and one or more preservatives. Suit-
able dispersing or wetting agents and suspending agents are

exemplified by those already mentioned above. Additional
excipients, for example sweetening, flavoring and coloring
agents, may also be present.

The pharmaceutical compositions of the invention may
also be 1n the form of o1l-in-water emulsions. The o1ly phase
may be a vegetable o1l, for example olive o1l or arachis oil, or
a mineral o1l, for example liquid paratfin or mixtures of these.
Suitable emulsitying agents may be naturally-occurring
gums, for example gum acacia or gum tragacanth, naturally-
occurring phosphatides, for example soy bean, lecithin, and
esters or partial esters denived from fatty acids and hexitol
anhydrides, for example sorbitan monooleate, and condensa-
tion products of the said partial esters with ethylene oxide, for
example polyoxyethylene sorbitan monooleate. The emul-
sions may also contain sweetening and tlavoring agents.

Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, propylene glycol, sorbitol or
sucrose. Such formulations may also contain a demulcent, a
preservative, and flavoring and coloring agents.

The pharmaceutical compositions may be 1n the form of a
sterile 1njectable aqueous or oleagenous suspension. This
suspension may be formulated according to the known art
using those suitable dispersing or wetting agents and sus-
pending agents which have been mentioned above. The sterile
injectable preparation may also be a sterile injectable solution
Or suspension in a non-toxic parenterally acceptable diluent
or solvent, for example as a solution 1 1,3-butane diol.
Among the acceptable vehicles and solvents that may be
employed are water, Ringer’s solution, and 1sotonic sodium
chloride solution. In addition, sterile, fixed oils are conven-
tionally employed as a solvent or suspending medium. For
this purpose, any bland fixed o1l may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such
as oleic acid find use 1n the preparation of injectables.

The pharmaceutical compositions may also be adminis-
tered 1n the form of suppositories for rectal administration of
the drug. These compositions can be prepared by mixing the
drug with a suitable non-irritating excipient which 1s solid at
ordinary temperatures but liquid at the rectal temperature and
will therefore melt 1n the rectum to release the drug. Such
materials include, for example, cocoa butter and polyethylene
glycols.

For topical use, creams, ointments, jellies, solutions, or
suspensions, etc., containing the compounds of the invention
are employed. As used herein, topical application 1s also
meant to include the use of mouthwashes and gargles.

The compounds of the invention can be prepared using the
general synthetic routes shown below in Scheme 1 and
Scheme 2 and described more fully in the Examples.

Scheme 1
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Synthetic intermediates used to prepare the compounds of 65
the invention can be synthesized by the methodology shown
in Scheme 3 and described more fully 1n the Examples.
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The 1nvention 1s further described by reference to the fol-

lowing examples, which are intended to exemplify the
claimed 1nvention but not to limait 1t 1n any way.

EXAMPLES 4>

Unless otherwise stated, all compounds were obtained

from commercial sources or were prepared using the methods

and experimental procedures described herein. The following 30

Abbreviations are used to refer to various reagents and sol-
vents:

AcOH Acetic Acid

DCM Dichloromethane
DMF N,N-Dimethylformamide
DMSO Dimethylsulfoxide
EtOAc Ethyl Acetate
EtOH Ethanol

Mel Methyl Iodide

MeOH Methanol

TEA Triethylamine

TFA Trifluoroacetic acid
THF Tetrahydrofuran
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TR-FRET Time Resolved-Fluorescence Resonance
Energy Transfer

Method 1. Preparation of Ethyl 7,8-difluoro-4-hy-
droxy-1-methyl-2-0x0-1,2-dihydroquinoline-3-car-
boxylate

(a) Methyl 3,4-difluoro-2-(methylamino )benzoate. A mix-
ture of methyl 2,3,4-trifluorobenzoate (available from Oak-
wood Products, West Columbia, S.C.) (5.00 g, 26 mmol), and
potassium carbonate (4.0 g, 29 mmol) was treated with 2M
methylamine in THF (17 mL, 34 mmol), and stirred at 24° C.
for 18 hours. The mixture was diluted with EtOAc, washed
with water, dried over MgSO,, and evaporated. The crude
product was purified by flash chromatography (EtOAc/hex-
anes) to give the title compound. MS (ESI) m/z: Calculated;
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201.2: Observed; 202.1. "H NMR (300 MHz, CDCl,) 8 ppm
7.54-7.67 (1H, m), 6.26-6.43 (1H, m), 3.94 (1H, s), 3.84 (3H,
s), 3.15 (3H, dd, J=6.8, 5.5 Hz).

(b) Methyl 2-(3-ethoxy-N-methyl-3-oxopropanamido)-3,
4-difluorobenzoate. At 0° C., a suspension of methyl 3,4-
difluoro-2-(methylamino)benzoate (1.10 g, 5.47 mmol) and
potassium carbonate (0.98 g, 7.1 mmol) in THF (10 mL) was
treated dropwise with ethyl 3-chloro-3-oxopropanoate (0.90
mlL., 7.11 mmol). The mixture was warmed to 24° C., stirred
for 3 hours, diluted with water, and extracted with EtOAc.
The combined organic layers were dried over MgSO,,, and
evaporated. Purification by flash chromatography (EtOAc/
hexanes) gave the title compound. MS (ESI) m/z: Calculated;
315.3: Observed; 316.1. "H.NMR (300 MHz, CDC1.,) 8 ppm
7.81-7.91 (1H,m),7.28-7.37 (1H,m),4.12 (2H, q, JI=7.1 Hz),
3.92(3H,s),3.23 (3H,s),3.10(2H, s), 1.23 (3H, t, I=7.2 Hz).

(c) Ethyl 7.8-difluoro-4-hydroxy-1-methyl-2-0x0-1,2-di-
hydroquinoline-3-carboxylate. A solution of methyl 2-(3-
cthoxy-N-methyl-3-oxopropanamido)-3,4-difluorobenzoate
(1.26 g, 4.00 mmol) 1n EtOH (3 mL) was treated at 0-10° C.
with a solution of NaOEt in EtOH (8 mL, 8 mmol). After
addition, a white precipitate formed that was collected by

filtration, rinsed with Et,O, and dried 1n vacuo to give the title
compound. MS (ESI) m/z: Calculated; 283.2: Observed;

284.0. "HNMR (300 MHz, DMSO-d,.)  ppm 7.77-7.85 (1H,
m), 6.94-7.04 (1H, m), 4.05 (2H, q, J=7.0 Hz), 3.55 (3H, d,
J=8.8 Hz), 1.19 (3, t, I=7.0 Hz).

Method 2. Preparation of Methyl 4-hydroxy-6-10do-
1 -methyl-2-0x0-1,2-dihydro-1,8-naphthyridine-3-
carboxylate

(a) Methyl 2-hydroxynicotinate. To a solution of 2-hydrox-
ynicotinic acid (available from Aldrich) (100 g, 0.72 mol) in
MeOH (1000 mL) was added thionyl chlornide (157 mlL)
dropwise with cooling at 0° C. with an 1ce-water bath. After
addition, the mixture was stirred at room temperature over-
night. The reaction mixture was evaporated under reduced
pressure, and the residue was diluted with water (500 mL).
The pH of the aqueous solution was adjusted to pH=8-9 with
a saturated aqueous solution of NaHCO,. The mixture was
extracted with CHCI,; (5x300 mL). The combined organic
layers were dried over Na,SO,, and filtered. The filtrate was
evaporated under reduced pressure, and the residue was dried
in vacuo to give the title compound as a white solid.

(b) Methyl 2-hydroxy-5-iodonicotinate. A solution of
methyl 2-hydroxynicotinate (100 g, 0.65 mol) and N-io-
dosuccinimide (192 g, 0.85 mol) in dry DCM (2.5 L) was
heated at reflux in the dark for 48 hours. The mixture was
concentrated to 500 mL under reduced pressure. The solid
which precipitated was collected by filtration, washed with
small portions of cold DCM, and dried 1n vacuo to give the
title compound as a pale-yellow solid.

(c) Methyl 2-chloro-5-10donicotinate. To a solution of
anhydrous DMF (21.45 mL) and distilled POCI, (26.13 mL)

in anhydrous DCM (900 mL) was added methyl 2-hydroxy-
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S-10donicotinate (39 g, 0.14 mol) 1n one portion. The mixture
was stirred at room temperature for 28 hours under a N,
atmosphere. The solvent was removed under reduced pres-
sure, and the residue was diluted with H,O. The pH of the
aqueous solution was adjusted to pH=8~9 with a saturated
aqueous solution of NaHCO,. The mixture was extracted
with DCM (5x). The combined organic layers were dried over
Na,SO, and filtered. The filtrate was evaporated under
reduced pressure, and the oily residue was purified by silica
gel column chromatography (1:10 EtOAc/hexanes) to give
the title compound as a white solid.

(d) Methyl 5-10do-2-(methylamino)nicotinate and Ethyl
S-10do-2-(methylamino )nicotinate. A mixture of methyl
2-chloro-5-10donicotinate (10 g, 33.6 mmol) and a 30% solu-
tion of MeNH, in EtOH (14.3 mL, 460 mmol) in EtOH (100
ml.) was heated at 65° C. for 4 hours. The reaction mixture
was allowed to reach room temperature and evaporated under
reduced pressure. The residue was purified by silica gel col-
umn chromatography (1:10 EtOAc/petroleum ether) to give
the title compounds as a mixture.

(¢) 6-lodo-1-methyl-1H-pyrido[2,3-d][1,3]oxazine-2.4-
dione. To a mixture of methyl 3-10do-2-(methylamino )nico-
tinate and ethyl 5-10do-2-(methylamino )nicotinate (10.5 g)
and 1,4-dioxane (10 mL) 1n anhydrous 1,2-dichloroethane
(1000 mL) was added trichloromethyl chloroformate (15.43
ml., 128.45 mmol) dropwise over 1 hour, with stirring and
heating at 80° C. After addition, the reaction mixture was
stirred at 80° C. for 4 hours, and was allowed to reach room
temperature. The solvent was evaporated, and the residue was
washed with a 1:1 mixture of EtOAc/hexanes (100 mL) and
dried 1n vacuo to give the title compound.

(1) Methyl 4-hydroxy-6-10do-1-methyl-2-ox0-1,2-dihy-
dro-1,8-naphthyridine-3-carboxylate. To a solution of dim-
cthyl malonate (25.5 g, 196 mmol) in anhydrous N,N-dim-
cthylacetamide (50 mL) was added NaH (60% suspension 1n
mineral o1l, 0.97 g, 23 mmol) 1n small portions over 1 hour,
with stirring and cooling with an 1ce-bath. When evolution of
hydrogen ceased, 6-10do-1-methyl-1H-pyrido[2,3-d][1,3]
oxazine-2,4-dione (5.0 g, 19.5 mmol) was added, and the
temperature of the reaction mixture was slowly raised to 160°
C. and kept at the same temperature for 3.5 hours (carbon
dioxide evolved). The mixture was allowed to reach room
temperature, poured 1nto ice-water, and acidified to pH=2-3.
The precipitated crystals were collected by filtration, washed
with MeOH and dried 1n vacuo to give the title compound.

Method 3A. Preparation of 4-(7,8-Ditluoro-4-hy-
droxy-1-methyl-2-0x0-1,2-dihydroquinolin-3-yl)-4-
oxobutanoic acid

OH O
AN AN OH
b /\N O 7
Lo

(a) 7,8-Difluoro-4-hydroxy-1-methylquinolin-2(1H)-one.
Concentrated aqueous HCI (36.5-37.5%, 5 mL) was added to
a solution of ethyl 7,8-difluoro-4-hydroxy-1-methyl-2-oxo-
1,2-dihydroquinoline-3-carboxylate (Method 1) (0.500 g,
1.77 mmol) in TFA (5 mL). The mixture was heated at 80° C.

for 18 hours. The solvent was removed under reduced pres-
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sure and the residue rinsed with water and diethyl ether. The
resulting solid was dried 1n vacuo at 50° C. to afford 7.8-
difluoro-4-hydroxy-1-methylquinolin-2(1H)-one m 83%
yield. "H-NMR (300 MHz, DMSO-d,) d ppm 11.70 (1H, s),
7.74-7.71 (1H,m), 7.30-7.25 (1H, m), 5.88 (1H, s), 3.70 (3H,
d, J=8.3 Hz). MS mv/z: 210 (M").

(b) 4-(7,8-Difluoro-4-hydroxy-1-methyl-2-ox0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid. At 24° C., succinyl
chloride (0.029 mL, 0.26 mmol) was added by syringe to a
yellow suspension of 7,8-difluoro-4-hydroxy-1-meth-
ylquinolin-2(1H)-one (0.045 g, 0.21 mmol) 1n 1,2-dichloro-
cthane (3 mL). The mixture was heated to 80° C. After 10

minutes, the suspension was treated with additional succinyl
chloride (0.029 mL, 0.26 mmol) and stirred. After 10 minutes,
the mixture was treated with AIC1, (0.034 g, 0.26 mmol) and
kept at 80° C. for 2 days. The mixture was treated with
aqueous NaOH (5N, 2 mL) and the layers were separated. The
water phase was acidified using 1M aqueous HCI to pH=I1.
The resulting precipitate was 1solated by filtration, rinsed
with water, and dried in vacuo at 50° C. to atford the title
compound in 33% yield. "H-NMR (300 MHz, DMSO-d,) &
ppm 12.17 (1H, br. s.), 8.04-8.01 (1H, m), 7.44-7.41 (1H, m),
3.74(3H,d, J=8.6 Hz),3.44 (2H,t,J=5.9Hz), 2.59 (21, ]=3.9
Hz). MS mv/z: 310 (M>h).

Method 3B. Preparation of 4-(7,8-Difluoro-4-hy-
droxy-1-methyl-2-ox0-1,2-dihydroquinolin-3-yl)-4-
oxobutanoic acid

OH O
‘ XX CO,H
F N 0

(a) 3-(3-(1,3-Dioxan-2-yl)propanoyl)-7,8-ditluoro-4-hy-
droxy-1-methylquinolin-2(1H)-one. A mixture of ethyl 7,8-
difluoro-4-hydroxy-1-methyl-2-oxo0-1,2-dihydroquinoline-
3-carboxylate (Method 1) (0.85 g, 3 mmol) in 40 mLL THF
was stirred at room temperature and treated with sodium
hydride (0.4 mL, 15 mmol) and stirred for 30 minutes. The
mixture was treated with 2-[2-(1,3-dioxanyl)]ethylmagne-
sium bromide (7 mL, 3 mmol) dropwise. The mixture was
stirred at room temperature for 2 hours. The mixture was
quenched with water (10 mL) and neutralized with 2N HCl to
pH=35. The mixture was extracted with EtOAc (3x50 mL).
The combined organic layers were washed with saturated
NH_CI (20 mL), dried over anhydrous Na,SO,,, and concen-
trated. The resulting product was purified by column chroma-
tography eluting with 20-30% EtOAc/hexane to give 0.83 gof
the product as a white solid. MS mv/e: 354 (M+H)™.

(b) 4-(7,8-Difluoro-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanal. A mixture of 3-(3-(1,3-di-
oxan-2-yl)propanoyl)-7,8-difluoro-4-hydroxy-1-meth-
ylquinolin-2(1H)-one (0.83 g, 2.3 mmol) 1n 25 mL. AcOH/
water (4:1) was warmed to 82° C. and stirred for 1 hour. The
mixture was then heated at 97° C. and stirred for 30 minutes.
The reaction mixture was diluted with 20 mL water, cooled to
room temperature, and diluted with 200 mL water. The pre-
cipitate was filtered and washed with 20 mL H,O, and then
dried under vacuum to give 0.61 g of the product as a pale

yellow solid. MS m/e: 296 (M+H)™.
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(¢) 4-(7,8-Difluoro-4-hydroxy-1-methyl-2-ox0-1,2-dihy-
droquinolin-3-yl)-4-oxobutanoic acid. A mixture of 4-(7,8-
difluoro-4-hydroxy-1-methyl-2-o0xo0-1,2-dihydroquinolin-3-
yl)-4-oxobutanal (0.61 g, 2.1 mmol) in 6 mL DMF was stirred
at room temperature and treated with oxone(r) (1.2 mL, 2.1
mmol). The mixture was stirred at room temperature for 2
hours. The mixture was quenched with 50 mL. H,O and
adjusted to pH=5. A precipitate formed, and the solid was
collected by filter and washed with 20 mL H,O. The resulting
product was dried under high vacuum to give 0.62 g of the
product as a white solid. MS mv/e: 312 (M+H)™. Calculated for
C,,H,,F,NO.: 311 '"H-NMR (300 MHz, DMSO-d,) 8 ppm
12.17 (1H, br. s.), 8.04-8.01 (1H, m), 7.44-7.41 (1H, m), 3.74
(3H,d, J=8.6 Hz),3.44 (2H,t,J=5.9 Hz), 2.59 (21, J=5.9 Hz).
MS m/z: 310 (M™).

Method 4. Preparation of 4-(4-Hydroxy-6-10do-1-
methyl-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl1)-4-
oxobutanoic acid

OH O
I\(\ AN OH
O
\N/ Ny o

(a) 4-Hydroxy-6-10do-1-methyl-1,8-naphthyridin-2(1H)-
one. Concentrated aqueous HCI (10 mL) was added to a
solution of methyl 4-hydroxy-6-10do-1-methyl-2-ox0-1,2-
dihydro-1,8-naphthyridine-3-carboxylate (Method 2) (1.00
g 2. 78 mmol) in'TFA (10 mL). The mixture was heated at 80°
C. for 18 hours. The solvent was removed, and the residue
rinsed with water and diethyl ether. The product was dried in
a vacuum oven at 50° C. to afford the title compound 1n 96%
yield. "H-NMR (300 MHz, DMSO-d,) 6 ppm 11.84 (1H, s),
8.82 (1H, d, J=2.3 Hz), 8.43 (1H, d, J=2.3 Hz), 5.89 (1H, s),
3.39 (3H, s). MS m/z: 303 (M™).

(b) 6-Iodo-1-methyl-2-ox0-1,2-dihydro-1,8-naphthyridin-
4-yl methyl succinate. Methyl 4-chloro-4-oxobutyrate (0.08
ml., 0.662 mmol) was added to a suspension of 4-hydroxy-
6-10do-1-methyl-1,8-naphthyridin-2(1H)-one (0.20 g, 0.66
mmol), TEA (0.092 mL, 0.66 mmol) 1n 1,2-dichloroethane (3
ml.). The mixture was stirred for 15 minutes and evaporated.
The remaiming solids were purified by tlash chromatography
using EtOAc/hexane to afford the title compound in 60%
yield. "H-NMR (300 MHz, CDCl,) d ppm 8.78 (1H, d, J=2.2
Hz), 8.34 (1H, d, J=2.2 Hz), 6.68 (1H, s), 3.78 (3H, s), 3.77
(3H, s), 3.02-2.98 (2H, m), 2.84-2.79 (2H, m). MS m/z: 417
(M7).

(¢) Methyl 4-(4-hydroxy-6-10do-1-methyl-2-0x0-1,2-di-
hydro-1,8-naphthyridin-3-yl)-4-oxobutanoate. A mixture of
6-10do-1-methyl-2-ox0-1,2-dihydro-1,8-naphthyridin-4-yl
methyl succinate (0.096 g, 0.23 mmol) and sodium acetate
(0.019 g, 0.23 mmol) was heated at 140° C. for 5 minutes. The
reaction was cooled to room temperature and the solids rinsed
with DCM. The filtrate was purified by flash chromatography
using EtOAc/hexane to afford the title compound in 27%
yield. "H-NMR (300 MHz, CDC1,) 6 ppm 8.85 (1H, d, J=2.3
Hz), 8.71 (1H, d, J=2.2 Hz), 3.72 (3H, s), 3.71 (3H, s), 3.65
(2H, t, I=6.3 Hz), 2.73 (2H, t, J=6.3 Hz). MS m/z: 417 (M™).

(d) 4-(4-Hydroxy-6-10do-1-methyl-2-0x0-1,2-dihydro-1,
8-naphthyridin-3-yl)-4-oxobutanoic acid. A solution of aque-
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ous NaOH (5M, 2 mL) was added to a suspension of methyl
4-(4-hydroxy-6-10do-1-methyl-2-0x0-1,2-dihydro-1,8-
naphthyridin-3-yl)-4-oxobutanoate (0.026 g, 0.062 mmol) in
THF (1 mL). The mixture was stirred at room temperature for
1 hour, acidified to pH=1 using aqueous HCI, and evaporated.
The resulting solids were rinsed with MeOH/EtOAc, purified
by flash chromatography using MeOH/2% AcOH 1n CHCI, to
afford the title compound in 35% yield. '"H-NMR (300 MHz,
DMSO-d,) ¢ ppm 8.98 (1H, d, J=1.9 Hz), 8.66 (1H, d, ]=2.0
Hz), 3.59 (3H, s), 3.43 (2H, t, J=6.1 Hz), 2.58 (2H, t, J=6.0
Hz). MS m/z: 403 (M™).

Method 3. Preparation of 4-(3-(3-Carboxypro-
panoyl)-4-hydroxy-1-methyl-2-0x0-1,2-dihydro-
quinolin-7-yl)benzoic acid

S
2 Y COM
‘ X ‘\/\N 0
Hozc/ = ‘

(a) Methyl 7-(4-(tert-butoxycarbonyl)phenyl)-4-hydroxy-
1 -methyl-2-0x0-1,2-dihydroquinoline-3-carboxylate. To a
mixture of methyl 7-bromo-4-hydroxy-1-methyl-2-0x0-1,2-
dihydroquinoline-3-carboxylate (Method 7) (3.82 g, 12.2
mmol), 4-(tert-butoxycarbonyl)phenylboronic acid (2.72 g,
12.2 mmol), cestum fluoride (5.58 g, 36.7 mmol), and tetrakis
(triphenylphosphine)palladium [0] (0.424 g, 0.367 mmol) 1n
a vial, was added MeOH (61 mL). The vial was sealed and
heated at 80° C. for 2 hours. The reaction mixture was then
cooled, diluted with 200 mL of EtOAc, added to a separatory
tunnel, partitioned with sodium bicarbonate (saturated, aque-
ous), washed 2 times with 75 mL of sodium bicarbonate
(saturated, aqueous), separated, dried over sodium suliate,
and concentrated via rotary evaporation to give the product.
The resulting product was purified via flash chromatography
(s1lica gel) to provide the title compound as an off-white solid.

(b) tert-Butyl 4-(3-(3-(1,3-dioxan-2-yl)propanoyl)-4-hy-
droxy-1-methyl-2-0x0-1,2-dihydroquinolin-7-yl)benzoate.
Methyl 7-(4-(tert-butoxycarbonyl)phenyl)-4-hydroxy-1-me-
thyl-2-oxo0-1,2-dihydroquinoline-3-carboxylate (452 mg,
1104 umol) was dissolved in THF (11 mL). Sodium hydride
(60% 1n o1l, 442 mg, 11040 umol) was then added, and the
resulting mixture was stirred at room temperature for 1 hour.
2-[12-(1,3-Dioxanyl)]ethylmagnesium bromide in THF (2208
ul, 1104 pmol) was then added dropwise, and the reaction
mixture was then stirred for 1 hour. The reaction mixture was
diluted with 150 mL of EtOAc, added to a separatory funnel,
partitioned with 3 N HCI (aqueous), washed 2 times with 75
ml. of brine (saturated, aqueous), separated, dried over
sodium sulfate, and concentrated via rotary evaporation to
give 1mitial product. The initial product was purified via flash
chromatography (silica gel) to provide the title compound as
a beige solid.

(c) tert-Butyl 4-(4-hydroxy-1-methyl-2-0x0-3-(4-oxobu-
tanoyl)-1,2-dihydroquinolin-7-yl)benzoate. AcOH (80%, 15
ml.) was added to tert-butyl 4-(3-(3-(1,3-dioxan-2-yl)pro-
panoyl)-4-hydroxy-1-methyl-2-0xo0-1,2-dihydroquinolin-7-
yl)benzoate (150 mg, 304 umol), and the resulting mixture
was heated at 90° C. for 1 hour. The reaction mixture was
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quenched with water and cooled to room temperature. A solid
precipitated from solution and was filtered and stuck to the
trit. The it was washed with EtOAc (5x) to give the title
compound as a beige solid.

(d) 4-(7-(4-(tert-Butoxycarbonyl)phenyl)-4-hydroxy-1-
methyl-2-ox0-1,2-dihydroquinolin-3-yl)-4-oxobutanoic
acid. tert-Butyl 4-(4-hydroxy-1-methyl-2-0x0-3-(4-oxobu-
tanoyl)-1,2-dihydroquinolin-7-yl)benzoate (130 mg, 299
umol) was dissolved in DMF (1493 ul). Oxone (184 mg, 299
umol) was added to the mixture at room temperature, and the
resulting mixture was stirred for 1 hour. Water was added to
precipitate the product from solution. The mixture was {il-
tered, washed with water and ether, and dried 1n a vacuum
oven to give the title compound as an off-white solid.

(¢) 4-(3-(3-Carboxypropanoyl)-4-hydroxy-1-methyl-2-
0x0-1,2-dihydroquinolin-7-yl)benzoic acid. 4-(7-(4-(tert-
Butoxycarbonyl)phenyl)-4-hydroxy-1-methyl-2-0x0-1,2-di1-
hydroquinolin-3-yl)-4-oxobutanoic acid (270 mg, 598 umol)
was dissolved i TFA (1 mL) at room temperature for 15
minutes and then water was added to precipitate the product
as a white solid. The resulting mixture was filtered, and the
solid product was washed with water and a small amount of
cther and then dried 1n a vacuum oven to give the title com-
pound as a beige solid. "H NMR (400 MHz, DMSO-d,.) &
ppm 13.00 (bs, 1H) 12.22 (bs, 1H) 8.22 (d, J=8.53 Hz, 1H)
8.04-8.13 (m, 2H) 7.96-8.04 (m, 2H) 7.80 (s, 1H) 7.71 (d,
J=8.53 Hz, 1H) 3.71 (s,3H) 3.45-3.52 (m, 2H) 2.60 (t, J=6.02
Hz, 2H).

Method 6. Preparation of Ethyl 4-hydroxy-1-methyl-
2-0x0-7-(trifluoromethyl)-1,2-dihydro-1,8-naphthy-
ridine-3-carboxylate

OH O
‘ N X o O\
F>(\ N/ N O
3 |
bF

(a) Methyl 2-chloro-6-(trifluoromethyl)nicotinate. To a
mixture ol 2-chloro-6-(trifluoromethyl)nicotinic acid (avail-
able from Fluorochem Products, West Columbia, S.C.) (6.66
g) and K,CO, (13.7 g, 114 mmol) 1n acetone (125 mL) was
added 1odomethane (2.60 mlL, 41.7 mmol) dropwise with
stirring at room temperature under a nitrogen atmosphere.
The reaction mixture was stirred at 35° C. for 18 hours and
was then filtered through a plug of Celite®. The filtrate was
evaporated under reduced pressure to give the title com-
pound. MS (ESI, pos. 1on) m/z: 240 (M+1).

(b) Methyl 2-(methylamino)-6-(trifluoromethyl)nicoti-
nate. A mixture of methyl 2-chloro-6-(trifluoromethyl)nico-
tinate (3.82 g) and K,CO; (5.6 g, 40 mmol) in THF (25 mL)
was stirred under nitrogen for 15 minutes. To the mixture was
added a 2M solution of methylamine 1n THF (10 mL, 20
mmol) and stirring was continued for 63 hours. The reaction
mixture was filtered over Celite®, and the filtrate was evapo-
rated under reduced pressure. The residue was purified by
silica gel column chromatography (DCM) to give the ftitle
compound. MS (ESI, pos. 1on) m/z: 235 (M+1).

(¢c) Methyl 2-(3-ethoxy-N-methyl-3-oxopropanamido)-6-
(trifluoromethyl )nicotinate. A mixture of methyl 2-(methy-
lamino)-6-(trifluoromethyl )nicotinate (0.300 g) and ethyl




US 8,048,394 B2

35

malonoyl chloride (0.19 mL, 1.6 mmol) 1n 1,2-dichloroet-
hane (50 mL) was heated to 80° C. for 63 hours. The reaction
mixture was allowed to reach room temperature and was then
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (gradient: 0-30%
EtOAc/hexanes) to give the title compound. MS (ESI, pos.
ion) m/z: 349 (M+1).

(d) Ethyl 4-hydroxy-1-methyl-2-oxo-7-(trifluoromethyl)-
1,2-dihydro-1,8-naphthyridine-3-carboxylate. To a solution
of methyl 2-(3-ethoxy-N-methyl-3-oxopropanamido)-6-(tri-
fluoromethyl)nmicotinate 1n EtOH (25 mL) was added a 20%
solution of NaOFEt in EtOH (3.2 mL, 9.2 mmol) dropwise
with stirring at room temperature. The reaction mixture was
stirred for 15 minutes, and the white solid which precipitated
was filtered. The filter cake was separated and dried 1n vacuo
to give the title compound. MS (ESI, pos. 1on) m/z: 317
(M+1).

Method 7. Preparation of Ethyl 4-hydroxy-6-10do-1-
methyl-2-ox0-1,2-dihydroquinoline-3-carboxylate

OH O
I
AN OFt
N O

(a) Iodo-2-(methylamino)benzoic acid. In a 1 L 3-neck
flask was added 2-(methylamino)benzoic acid (available
from Aldrich) (40 g, 265 mmol), water (300 mL), and HCI
(26.7 mL, 871 mmol). A solution of 1odine monochloride was

prepared by adding 10dine monochloride (43 g, 265 mmol) to
a cooled solution (0° C.) of HCI (45 mL, 1469 mmol) and

water (167 mL, 9272 mmol). The 10dine monochloride solu-
tion was added rapidly to the stirred solution of the 2-(me-
thylamino)benzoic acid. The mixture was allowed to stir for 2
hours and then filtered on a medium frit funnel. The solids
were washed with water and dried under vacuum to give a
quantitative yield of the product as a light-green powder.

(b) 6-Iodo-1-methyl-1H-benzo[d][1,3]oxazine-2,4-dione.
To a stirred solution of 3-10do-2-(methylamino)benzoic acid
(10 g, 36 mmol), sodium carbonate (4 g, 36 mmol) and water
(130 mL, 7218 mmol), cooled to 0° C., was slowly added, via
addition funnel, a 2M phosgene (18 mL, 36 mmol) solution 1n
toluene. After 2 hours, the precipitated product was i1solated
by filtration. The solids were washed with 100 mL of water,
150 mL of a 1:1 mixture of EtOH and ether, 100 mL of ether,
and dried under vacuum to give the title compound.

(¢) Ethyl 4-hydroxy-6-10do-1-methyl-2-ox0-1,2-dihydro-
quinoline-3-carboxylate. 60% Sodium hydride (1.2 mL, 28
mmol) was added portionwise to a mixture of diethyl ester
malonic acid (17 mL, 110 mmol) and DMF (75 mL) with
stirring at room temperature. A mixture of 6-10do-1-methyl-
1H-benzo[d][1,3]oxazine-2,4-dione (7.12 g, 23 mmol) and
DMF (75 mL) was added to this solution followed by stirring
at 120° C. for 2.5 hours. The precipitate that formed was
collected by filtration and dissolved in water and 30% HCI
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was added to the mixture. The precipitated crystals were
collected by filtration and dried to give the title compound.

Method 8. Preparation of Methyl 7-bromo-4-hy-
droxy-1-methyl-2-oxo0-1,2-dihydroquinoline-3-car-

boxylate
OH O
X OMe
Br N O

(a) 7-Bromo-1H-benzo[d][1,3]oxazine-2,4-dione. Ina 250
ml round-bottom flask under N, was dissolved 2-amino-4-
bromobenzoic acid (available from Aldrich) (11.69 g) 1n 100
ml. of 1,4-dioxane. The solution was cooled to 0° C. and
phosgene (36 mL, 68 mmol) was added to this solution via a
dropping funnel. The reaction mixture was stirred for 24
hours allowing to warm to 23° C. (room temperature). The
resulting white solid was filtered oif and washed with 1.,4-
dioxane and Et,O.

(b) 7-Bromo-1-methyl-1H-benzo[d][1,3]oxazine-2,4-di-
one. Sodium hydride (0.47 g, 12 mmol) was added to a 3 neck
250 mL round bottom flask under nitrogen and then washed
with hexanes. Once the hexanes were decanted, DMF (20.0
ml., 11 mmol) was added. The resulting mixture was cooled
to 0° C. using an 1ce-water bath, and then 7-bromo-1H-benzo
[d][1,3]oxazine-2,4-dione (2.7 g, 11 mmol) was added 1n one
batch. After stirring at room temperature for 1 hour,
iodomethane (0.70 mL, 11 mmol) was added dropwise to the
yellow solution, and the reaction mixture was stirred for 16
hours. Water (50 mL) was added, and the resulting precipitate
that formed was collected via filtration. The solid was washed
with additional water (100 mL), followed by ether (100 mL).
Drying 1n a vacuum oven overnight at 50° C. provided the title
compound as an off-white solid (2.1 g, 74% vyield).

(c) Methyl 7-bromo-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
droquinoline-3-carboxylate. The title compound was pre-
pared according to the method of 6(c) using 7-bromo-1-me-
thyl-1H-benzo[d][1,3]oxazine-2,4-dione and dimethyl ester
malonic acid.

Method 9. Preparation of Methyl 7-bromo-4-hy-
droxy-1-methyl-2-0x0-1,2-dihydro-1,5-naphthyri-
dine-3-carboxylate

(a) 3-Amino-3-bromopicolinamide. A mixture of
S-bromo-3-nitropicolinonitrile (available from Aldrich) (40
g, 0.17 mol) and Raney Ni (22 g) in EtOH (1500 mL) was
stirred under 45 ps1 H, atmosphere at room temperature for 5
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hours. The reaction mixture was filtered and the filtrate was
evaporated under reduced pressure, and dried 1n vacuo to give
the title compound.

(b) 3-Amino-5-bromopicolinic acid. A mixture of
3-amino-5-bromopicolinamide (28.2 g, 0.13 mol) and con-
centrated HC1 (361 mL ) was heated at reflux for 12 hours. The
reaction mixture was left to reach room temperature, and the
solid which precipitated was filtered. The filter cake was
dissolved 1n water, and the pH of the aqueous solution was
adjusted to pH=4 with saturated NaOAc, and extracted with
EtOAc (3x). The combined organic layers were dried over
anhydrous MgSQO,, and filtered. The filtrate was evaporated
under reduced pressure, and the residue was dried 1n vacuo to
afford the title compound as a solid.

(c) Methyl 7-bromo-4-hydroxy-1-methyl-2-ox0-1,2-dihy-
dro-1,5-naphthyridine-3-carboxylate. The ftitle compound

was prepared using a method analogous to Method 8 starting,
from 3-amino-5-bromopicolinic acid.

Method 10. Preparation of Methyl 6-chloro-4-hy-
droxy-1-methyl-2-0x0-1,2-dihydro-1,7-naphthyri-
dine-3-carboxylate

OH O
Cl\(\ AN OMe
N\/\N 5

(a) 6-Chloropyridin-3-amine. A mixture of 2-chloro-5-ni-
tropyridine (available from Aldrich) (100 g, 0.63 mol) and
Raney N1 (60 g) in MeOH (500 mL) was stirred under 45 psi
H, atmosphere at room temperature for 5 hours. The reaction
mixture was filtered, and the filtrate was evaporated under
reduced pressure to afford the crude title compound, which
was used 1n the next step without additional purification.

(b) tert-Butyl 6-chloropyridin-3-ylcarbamate. To a solu-
tion of the crude 6-chloropyridin-3-amine from the step
above 1 dioxane (800 mL) was added (Boc),O at room
temperature, and the resulting solution was heated at retlux
overnight. The reaction mixture was allowed to reach room
temperature, and evaporated under reduced pressure. The
residue was purified by column chromatography to give the
title compound.

(¢) 5-(tert-Butoxycarbonyl)-2-chloroisonicotinic acid. To

a solution of tert-butyl 6-chloropyridin-3-ylcarbamate (10 g,
0.045 mol) and N,N,N'N'-tetramethylethylenediamine (20

mL) 1n dry diethyl ether (200 mL) was added n-Bul.1 (2.5 M
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solution 1n hexanes, 84 mL) dropwise with stirring at —78° C.
After the addition, the reaction mixture was warmed to —15°
C., and the reaction was stirred at this temperature for 2 hours.

The mixture was cooled to =78° C. and CO, gas was bubbled
into the reaction solution at —=78° C. for 1 hour. The reaction
mixture was then stirred at room temperature overnight,
cooled to 0° C., and quenched with water. The pH of the
aqueous phase was adjusted to pH=3 with 1IN HCI. The
organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers
were dried over anhydrous MgSO.,, and filtered. The filtrate
was evaporated under reduced pressure, and the residue was
dried 1n vacuo to give the title compound.

(d) Methyl 5-(tert-butoxycarbonyl)-2-chloroisonicotinate.
To a solution of 5-(tert-butoxycarbonyl)-2-chloroisonicotinic
acid (1 g, 3.7 mmol) in dry DMF (10 mL) was added NaH
(60% suspension in mineral o1l, 0.37 g, 9.24 mmol) in small
portions with stirring and cooling using an ice-bath. After
addition, the reaction mixture was treated with Mel (0.524
ml., 9.24 mmol) dropwise, and then stirred at room tempera-
ture for 1 hour. The reaction mixture was poured into water
and stirred at room temperature for 3 hours. The precipitate
was filtered and dried 1n vacuo to atford the title compound as
a solid.

(¢) Methyl 2-chloro-3-(methylamino)isonicotinate. To a
solution of methyl 5-(tert-butoxycarbonyl)-2-chloroisonico-
tinate (0.5 g, 1.7 mmol) in dry DCM (10 mL) was added TFA
(4.4 mL) with stirring and cooling using an 1ce-bath. The
mixture was stirred at room temperature for 2 hours and then
evaporated under reduced pressure. The residue was dis-
solved 1n water, and the solution was adjusted to pH=8 by
treatment with saturated NaHCO,. The mixture was extracted
twice with EtOAc. The combined organic layers were dried
over anhydrous MgSO,, and filtered. The filtrate was evapo-
rated under reduced pressure, and the residue was dried in
vacuo to give the title compound.

(1) 2-Chloro-5-(methylamino Jisonicotinic acid. A mixture
of methyl 2-chloro-5-(methylamino)isonicotinate (10 g, 0.05
mol) and 2 N NaOH (50 mL) in EtOH (50 mL) was heated at
55° C. for 2 hours. The reaction mixture was cooled to room
temperature and most of the EtOH was evaporated under
reduced pressure. The pH of the aqueous residue was adjusted
to pH=3 with 1 N HCI, and the solid precipitate was filtered
and dried 1n vacuo to give the title compound.

(g) 6-Chloro-1-methyl-1H-pyrido[3,4-d][1,3]oxazine-2,
4-dione. The title compound was prepared analogously to
method 6(b) from 2-chloro-5-(methylamino)isonicotinic
acid and phosgene.

(h) Methyl 6-chloro-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
dro-1,7-naphthyridine-3-carboxylate. The ftitle compound
was prepared analogously to method 6(c) from 6-chloro-1-
methyl-1H-pyrido[3.,4-d][1,3]oxazine-2,4-dione and methyl
malonate.

(Ll

1

The following table lists compounds which were prepared by the methods described above.

Ex. Structure
1 OH Q
I
\ ‘ \ \ CO,H
/
SN N 0

Name '"H NMR (8 ppm) Method
4-(4-hydroxy-6- 898 (1H,d, J = 2,4, or
iodo-1-methyl-2- 1.9 Hz), 8.66 (1H, 3B

0x0-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

d,J =2.0 Hz), 3.59
(3H, s), 3.43 (2H,
t, T= 6.1 Hz), 2.58
(2H, t, T = 6.0 Hz)
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TABLE 1-continued

40

The fDllGWing table lists c-::}mpmunds which were Epared by the methods described above.

Ex. Structure

2 OH O

X X CO,

Br

N Ny o

X X CO,H

Br

X CO,H

Z
O

T X CO,H

Name

4-(8-bromo-4-
hydroxy-1-methyl-
2-0x0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

4-(4-hydroxy-1-
methyl-2-oxo-7-
(trifluoromethyl)-
1,2-dihydro-1,8-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(7-bromo-4-
hydroxy-1-methyl-
2-0x0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

4-(4-hydroxy-1-
methyl-2-0x0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

4-(1-benzyl-7,8-
difluoro-4-
hydroxy-2-0xo0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

4-(6-bromo-4-
hydroxy-1-methyl-
2-0xX0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

4-(5-bromo-4-
hydroxy-1-methyl-
2-0x0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

'H NMR (6 ppm)

12.14 (bs, 1H)

R.14 (dd, T = 7.92,
1.27 Hz, 1H) 8.09
(d, ] =7.63 Hz, 1H)
727 (t,J =7.92 Hz,
1H) 3.74 (s, 3H)
345 (t, ] = 6.36 Hz,
2H) 2.59 (] = 6.36
Hz, 2H)

R.74 (d, ] = 8.03 Hz,

1H) 7.82 (d,
J=8.03 Hz, 1H)
3.63 (s, 3H) 3.48
(t, ] = 8.0 Hz, 2H)
261 (t, T =8.0 Hz,
OH)

12.16 (bs, 1H)

R.02 (d, ] =8.61 Hz,

1H) 7.79 (d,
J=1.17 Hz, 1H)
7.52 (dd, J = 8.51,
1.47 Hz, 1H) 3.57
(s, 3H) 3.44 (t,

] =6.36 Hz, 2H)
2.58 (t, ] = 6.46 Hz,
2H)

12.14 (bs, 1H)

R.13 (dd, J = 8.02,
1.17 Hz, 1H) 7.77-
7.86 (m, 1H) 7.56
(d, T =8.61 Hz, 1H)
734 (t,] =7.63 Hz,
1H) 3.59 (s, 3H)
3.46 (t, ] = 6.36 Hz,
DH) 2.59 (t,

] =6.36 Hz, 2H)

12.18 (s, 1H),
R.04-8.10 (m, 1H),
742 (td, J = 9.24,
6.80 Hz, 1H),
7.15-7.35 (m, 5H),
5.55 (s, 2H), 3.46
(t, ] = 6.36 Hz, 2H),
2.59 (t, ] = 6.36 Hz,
2H)

12.15 (bs, 1H)

R.16 (s, 1H) 7.91-
7.98 (m, 1H) 7.53
(d, ] =9.54 Hz, 1H)
3.56 (s, 3H) 3.45

(t, T = 6.27 Hz, 2H)
258 (t, ] = 6.27 Hz,
2H)

12.16 (bs, 1H)

8.15 (d, T =2.35 Hz,

1H) 7.95 (dd,

T =9.00 Hz, 2.35 Hz, 1H)
7.53 (d, T =9.19 Hz,

1H) 3.56 (s, 3H)
3.45 (t, ] = 6.46 Hz,

DH) 2.59 (t, ] = 6.36 Hz,

2H)

Method

3B

3B

3B

3B

3B

3B

3B
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TABLE 1-continued

42

The following table lists compounds which were prepared by the methods described above.

Ex. Structure

9 b OH O

CO,H

10
11 OH O
‘ X X
‘/\/ s N 5
|
HOZC/\/

Method 11. Preparation of 4-(4-Hydroxy-1-methyl-
2-0x0-6-phenyl-1,2-dihydro-1,8-naphthyridin-3-yl1)-
4-oxobutanoic acid

= ‘ O O
A N X coun
‘ s
N N O

(a) Methyl 4-(4-hydroxy-1-methyl-2-ox0-6-phenyl-1,2-
dihydroquinolin-3-yl)-4-oxobutanoate. The title compound
1s prepared by Palladium mediated Suzuki cross coupling
reaction of phenyl boronic acid and methyl 4-(4-hydroxy-6-
10do-1-methyl-2-0x0-1,2-dihydro-1,8-naphthyridin-3-yl)-4-
oxobutanoate (Method 4) according to the procedure set forth
in Miyaura, N.; Suzuki, 4. Chem. Rev., 95, 2457-83 (1995).
Alternatively, the title compound 1s prepared by Palladium
mediated Stille cross coupling reaction of tributyl(phenyl)
stannane and methyl 4-(4-hydroxy-6-10do-1-methyl-2-0xo0-
1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoate accord-

ing to the procedure set forth in Stille, J. K. Agnew. Chem. Int.
Ed. Engl., 25, 508-24 (1986).

(b) 4-(4-Hydroxy-1-methyl-2-0x0-6-phenyl-1,2-dihydro-
1,8-naphthyridin-3-yl)-4-oxobutanoic acid. The title com-
pound 1s prepared by saponification of methyl 4-(4-hydroxy-

CO,H

35

40

45

50

55

60

65

Name 'H NMR (6 ppm) Method
4-(5,8-difluoro-4- 12.13 (bs, 1H), 3B
hydroxy-1-methyl- 7.63-7.79 (m, 1H),
2-0x0-1,2- 7.04-7.21 (m, 1H)
dihydroquinolin-3- 3.69 (d, ] =9.78 Hz,
yl)-4-oxobutanoic 3H) 3.44 (t,
acid J=6.36 Hz, 2H)
2.58 (t, ] =6.26 Hz,
2H)
4-(7,8-difluoro-4- 12.17 (1H, br. s.), 1, 3A, or
hydroxy-1-methyl- 8.04-8.01 (1H, m), 3B
2-0x0-1,2- 7.44-7.41 (1H,
dihydroquinolin-3- m) 3.74 (3H,d, ] =
yl)-4-oxobutanoic 8.6 Hz), 3.44 (2H,
acid t,J] =5.9 Hz),
2.59 (2t, 1 =5.9 Hz)
4-(3-(3- 13.00 (bs, 1H) 5
carboxypropanoyl)- 12.22 (bs, 1H)
4-hydroxy-1- 8.22 (d, ] =8.53 Hz,
methyl-2-oxo0-1,2- 1H) 8.04-8.13
dihydroquinolin-7- (m, 2H) 7.96-

yl)benzoic acid

R.04 (m, 2H) 7.80
(s, 1H) 7.71 (d,
J=8.53 Hz, 1H)
3.71 (s, 3H) 3.45-
3.52 (m, 2H) 3.45-
3.52 (m, 2H) 2.60
(t, T = 6.02 Hz, 2H)

1 -methyl-2-0x0-6-phenyl-1,2-dihydroquinolin-3-yl1)-4-

oxobutanoate using sodium hydroxide in THF.

Method 12. Preparation of 4-(6-Cyclohexyl-4-hy-
droxy-1-methyl-2-0x0-1,2-dihydro-1,8-naphthyridin-

3-yl)-4-oxobutanoic acid

N on
\/\‘/'\ X CO,H
N PN

(a) Methyl 4-(6-cyclohexenyl-4-hydroxy-1-methyl-2-0xo-
1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoate.  The
title compound 1s prepared by Palladium mediated Heck
cross coupling reaction of cyclohexene and methyl 4-(4-hy-
droxy-6-10do-1-methyl-2-0x0-1,2-dihydro-1,8-naphthyri-
din-3-yl)-4-oxobutanoate (Method 4) according to the proce-
dure set forth 1n Heck, R. F.; Nolley, I. P. J. Org. Chem., 37,
2320-22 (1971).

(b) Methyl 4-(6-cyclohexyl-4-hydroxy-1-methyl-2-oxo-1,
2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoate. The ftitle
compound 1s prepared by hydrogenation with palladium
black 1n the presence of hydrogen gas 1n a suitable solvent
such as ethyl acetate or ethanol.
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(¢) 4-(6-Cyclohexyl-4-hydroxy-1-methyl-2-0x0-1,2-dihy-
dro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid. The fitle
compound 1s prepared by saponification conditions analo-
gous to Method 8(b).

Method 13. Preparation of 6-(3-Carboxypropanoyl)-
S-hydroxy-8-methyl-7-0x0-7,8-dihydro-1,8-naphthy-
ridine-3-carboxylic acid

OH O
HO,C
‘ XX CO,H
.
N/\ N O

(a) Methyl 5-hydroxy-6-(4-methoxy-4-oxobutanoyl)-8-
methyl-7-0x0-7,8-dihydro-1,8-naphthyridine-3-carboxy-
late. The title compound 1s prepared by metal mediated car-
bonylation of methyl 4-(4-hydroxy-6-10do-1-methyl-2-0xo-
1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoate
(Method 4) with carbon monoxide in MeOH according to the
procedure set forth in Tsuyi, J. Palladium Reagents and cata-
lvsts: Innovations in Organic Synthesis Publisher: (Wiley,
Chichester, UK), 340-45 (1993).

(b) 6-(3-Carboxypropanoyl)-5-hydroxy-8-methyl-7-ox0-
7,8-dihydro-1,8-naphthyridine-3-carboxylic acid. The ftitle
compound 1s prepared by saponification conditions analo-

10

15

20

25

30

44

gous to Method 8(b) using methyl S5-hydroxy-6-(4-methoxy-
4-oxobutanoyl)-8-methyl-7-o0x0-7,8-dihydro-1,8-naphthyri-
dine-3-carboxylate.

Method 14. Preparation of 4-(4-Hydroxy-1-methyl-
2-0x0-6-(trifluoromethyl)-1,2-dihydro-1,8-naphthy-
ridin-3-yl)-4-oxobutanoic Acid

OH O
F;C
‘ X X CO,H
A
N N O

(a) Methyl 4-(4-hydroxy-1-methyl-2-0x0-6-(trifluorom-
cthyl)-1,2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoate.
The title compound 1s prepared by copper mediated cross-
coupling of methyl 4-(4-hydroxy-6-10do-1-methyl-2-o0xo0-1,
2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoate (Method
4) with putative CuCF, formed 1n situ by reaction of trifluo-

romethyl trimethylsilane and copper 10dide according to the
procedure set forth 1n Shreeve, J. M. Tetrahedron, 56, 7613-

7632 (2000).

(b) 4-(4-Hydroxy-1-methyl-2-0x0-6-(trifluoromethyl)-1,
2-dihydro-1,8-naphthyridin-3-yl)-4-oxobutanoic acid. The
title compound 1s prepared by saponification conditions
analogous to Method 8(b).

TABLE 2

The following table lists compounds which are prepared by the methods described above.

Ex Structure
12
OH
‘ X X
2
N N
|
13 / ‘ on
N A P
‘ S
N N
|
14 F\/ ‘ i
X ‘ N X
P
N N

Name MW  Method

4-(6-cyclohexyl-4- 358 2,4, 12

() hydroxy-1-methyl-

2-0x0-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

CO,H

4-(4-hydroxy-1- 352 2,4, 11

O methyl-2-0x0-6-

phenyl-1,2-
dihydro-1,%8-
naphthyridin-3-yl)-
4-oxobutanoic acid

CO-H

4-(6-(4-
O fluorophenyl)-4-
hydroxy-1-methyl-
2-0x0-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

370 2,4, 11

CO,H
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TABLE 2-continued
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Ex

15

16

17

18

19

20

21

L

048
~ N/ N O
|
(j\ OH O
~ N/ T O

/

\

Structure

CO,H

OH O

X X CO,H

OH O
/\)\rj\/\cozfl
S
N/\T O

OH O

/\)f\ﬂ
N/\ N O

T X CO,H

X X CO,H

Name

4-(6-cyclopentyl-4-
hydroxy-1-methyl-
2-0x0-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

4-(4-hydroxy-1-
methyl-2-0x0-6-
(tetrahydrofuran-2-
yl)-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

4-(4-hydroxy-1-
methyl-2-0x0-6-
(tetrahydrofuran-3-
yl)-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

4-(4-hydroxy-1-
methyl-2-0x0-6-
(tetrahydro-2H-
pyran-4-yl)-1,2-
dihydro-1,%8-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(4-hydroxy-1-
methyl-2-0x0-6-
(tetrahydro-2H-
pyran-2-yl)-1,2-
dihydro-1,%8-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(6-(2-
fluorophenyl)-4-
hydroxy-1-methyl-
2-0x0-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

4-(6-(3-
fluorophenyl)-4-
hydroxy-1-methyl-
2-0x0-1,2-dihydro-
1,8-naphthyridin-3-
yl)-4-oxobutanoic
acid

344

346

346

360

360

370

370

Method

2,4,12

2.4,12

2.4,12

2.4,12

2.4,12

2.4, 11

2.4, 11
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TABLE 2-continued

The following table lists compounds which are prepared by the methods described above.

Ex Structure Name MW  Method
22 OH O 4-(4-hydroxy-6- 401 7,38
1odo-1-methyl-2-
I oxo0-1,2-
X X CO>H dihydroquinolin-3-
‘ yl)-4-oxobutanoic
N acid
T O

23 4-(7,8-difluoro-4- 437 1,3B

hydroxy-6-i0do-1-
methyl-2-oxo0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

-4 4-(4-hydroxy-1- 351  7,3B, 11
= OH O methyl-2-0x0-6-
‘ phenyl-1,2-
N /\ dihydroquinolin-3-
I\ X COH y1)-4-oxobutanoic

‘ acid

25 4-(6-(4- 369 7,3B,11
OH O fluorophenyl)-4-
‘ hydroxy-1-methyl-
2-0xX0-1,2-
dihydroquinolin-3-
‘ yl)-4-oxobutanoic

\/\ . . acid

7
\

4
)
/

26 4-(6-(3- 369  7,3B,11
/\ OH O fluorophenyl)-4-

/
‘ hydroxy-1-methyl-
7 \ 2-0x%0-1,2-

E \/\/\ X COH dihydroquinolin-3-

X
‘ yl)-4-oxobutanoic

acid
\/\ . o

27 4-(6-(2- 369 7,3B,11
fluorophenyl)-4-

hydroxy-1-methyl-

2-0xX0-1,2-

dihydroquinolin-3-

yl)-4-oxobutanoic

acid

28 HO,C 4-(3-(3- 395 7,3B, 11
\/\ OH O carboxypropanoyl)-
‘ 4-hydroxy-1-

/
methyl-2-oxo0-1,2-
\/\ AN X CO,H dihydroquinolin-6-

‘ yl)benzoic acid
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TABLE 2-continued

The following table lists compounds which are prepared by the methods described above.

Ex Structure Name MW Method

29 HONC 4-(6-(3- 396 7,5,11
\/\ OH O carboxypropanoyl)-

‘ 5-hydroxy-8-
methyl-7-ox0-7,8-

\/\ X X CO,H dihydro-1,8-

‘ naphthyridin-3-

N yl)benzoic acid

30 OH O 6-(3- 320 2,4,13
carboxypropanoyl)-
HO,C 5-hydroxy-8-
? \ \ CO>H methyl-7-0x0-7,8-
‘ dihydro-1,8-
- naphthyridine-3-
N N O carboxylic acid

31 OH O 3-(3- 319 7,4,13
carboxypropanoyl)-
HO,C 4-hydroxy-1-
\/\ X CO,H methyl-2-0x0-1,2-

A
‘ dihydroquinoline-

N 6-carboxylic acid
N Ny 5

32 4-(6-cyclopropyl- 351 1,3B,11
7,8-difluoro-4-

hydroxy-1-methyl-

2-0X0-1,2-

dihydroquinolin-3-

yl)-4-oxobutanoic

acid

33 4-(7,8-difluoro-4- 381 1,3B,12
hydroxy-1-methyl-

2-0X0-0-

(tetrahydrofuran-2-

yl)-1,2-

dihydroquinolin-3-

yl)-4-oxobutanoic

acid

34 OH O 4-(8-chloro-7- 327 1,3B
fluoro-4-hydroxy-
1-methyl-2-oxo0-

CO,H 1,2-
dihydroquinolin-3-

) as yl)-4-oxobutanoic
p \‘/ T 0 acid

Cl

)

35 OH O 4-(7,8-dichloro-4- 344 1,3B
hydroxy-1-methyl-
2-0X0-1,2-

CO,H dihydroquinolin-3-

‘ yl)-4-oxobutanoic

. /Y\T o acid

Cl

)
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TABLE 2-continued

The following table lists compounds which are prepared by the methods described above.

Ex Structure Name MW  Method

36 3-(3- 319 8,3B, 13

OH O
carboxypropanoyl)-
4-hydroxy-1-
X X CO,H methyl-2-oxo-1,2-
‘ dihydroquinoline-
7-carboxylic acid
H02C/ = T O

4-(7,8-difluoro-4- 381 1,3B, 12

OH O
O/\ hydroxy-1-methyl-
\/ 2-0X0-0-
/\ NN CO,H (tetrahydrofuran-3-
‘ yl)_l :2_
dihydroquinolin-3-
\K\ N 0O yl)-4-oxobutanoic
Lo

37

4

\

acid

38 4-(4-hydroxy-1- 343  8,3B

OH O
methyl-2-oxo-7-
(trifluoromethyl)-
X COoH 1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
F3C T O acid

39 OH O 4-(4-hydroxy-1- 351 §,3B,11
methyl-2-0x0-7-

phenyl-1,2-
/\ XX CO-,H dihydroquinolin-3-

‘ yl)-4-oxobutanoic

\ \/\ . N acid

40 3-(3- 355 1,3B,13
carboxypropanoyl)-
7,8-difluoro-4-
CO>H hydroxy-1-methyl-
2-0xX0-1,2-
dihydroquinoline-
6-carboxylic acid

HO,C

b

41 4-(7,8-difluoro-4- 387  1,3B,11
hydroxy-1-methyl-

2-0x0-6-phenyl-

1,2-

dihydroquinolin-3-

yl)-4-oxobutanoic

acid

42 4-(4-hydroxy-1- 419  8,7,3B,
methyl-2-0x0-6- 11
phenyl-7-

(trifluoromethyl)-

1,2-

dihydroquinolin-3-

yl)-4-oxobutanoic

acid
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TABLE 2-continued

The following table lists compounds which are prepared by the methods described above.

Ex Structure Name MW  Method

43 OH O 4-(4-hydroxy-1- 357 8,3B,11
methyl-2-o0x0-7-
(thiophen-2-vl)-

\ \ COzH 1 :2_
‘ dihydroquinolin-3-
yl)-4-oxobutanoic
R Z N O acid
\ \
44 OH O 4-(4-hydroxy-1- 357 §,3B,11

methyl-2-o0x0-7-

(thiophen-3-vl)-
X CO>H 1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

O

45 4-(4-hydroxy-1- 358 2,3B,11
methyl-2-0x0-6-
(thiophen-2-vyl)-
1,2-dihydro-1,8-
‘ naphthyridin-3-yl)-
4-oxobutanoic acid

OH O

X

0
/
/

CO,H

46 . Ol O 4-(4-hydroxy-1- 358 2,3B,11
q methyl-2-0x0-6-

= (thicrphen-?:-yl)-

X N CO,H 1,2-dihydro-1,8-
‘ naphthyridin-3-yl)-

4-oxobutanoic acid
/

47 OH O 4-(6-cyclopropyl- 383  8,7,3B,
4-hydroxy-1- 11
methyl-2-o0x0-7-

X CO,H (trifluoromethyl)-
1,2-
dihydroquinolin-3-
F5C N O yl)-4-oxobutanoic
‘ acid

48 4-(1-benzyl-7- 430  8,3B

OH O
bromo-4-hydroxy-
2-0X0-1,2-

X X CO>H dihydroquinolin-3-
yl)-4-oxobutanoic
acid

Br 2 N O




Ex

49

50

51

52

53

54

The following table lists compounds which are prepared by the methods described above.

3

TABL

F;C

Structure
OH O
XX
N/ N O
T
S

OH O
‘/\)\rj\/\
\/\N 0

NN

‘\/

OH O
‘/\)r‘\/\
\N/\N .

NN

-
OH O
XX
‘ 2N

N T O

US 8,048,394 B2

CO-H

CO,H

CO,H

CO-H

CO,H

4 2-continued

Name

4-(1-benzyl-4-
hydroxy-2-oxo-7-
(trifluoromethyl)-
1,2-dihydro-1,8-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(1-benzyl-4-
hydroxy-2-o0x0-1,2-
dihydroquinolin-3-
yl)-4-oxobutanoic
acid

4-(1-benzyl-4-
hydroxy-2-o0x0-1,2-
dihydro-1,%8-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(4-hydroxy-1-
methyl-2-0x0-6-
(trifluoromethyl)-
1,2-dihydro-1,8-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(7-bromo-4-
hydroxy-1-methyl-
2-0x0-1,2-dihydro-
1,5-naphthyridin-3-
yl)-4-oxobutanoic
acid

4-(4-hydroxy-1-
methyl-2-oxo0-1,2-
dihydro-1,5-
naphthyridin-3-yl)-
4-oxobutanoic acid

MW Method
420 6, 3B
351 7,8, 3B
352 7, 8,38,
12(b)
344 2,3B, 14
355 9,3B
276 9, 3B,
12(b)
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TABLE 2-continued

The following table lists compounds which are prepared by the methods described above.

58

Ex

55

56

57

5%

59

o0

Structure
OH O
N
‘ T X CO,H
F \T .

OH O

T T CO,H
o O
SOG
N\/\N O
‘ o o
\T 5

7\
/

S

SO Ghs
N N/// N N 5

Name

4-(4-hydroxy-1-
methyl-2-o0x0-7-
(thiophen-2-vl)-
1,2-dihydro-1,5-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(4-hydroxy-1-
methyl-2-o0x0-7-
(thiophen-3-vl)-
1,2-dihydro-1,5-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(4-hydroxy-1-
methyl-2-o0x0-1,2-
dihydro-1,7-
naphthyridin-3-yl)-
4-oxobutanoic acid

4-(4-hydroxy-1-
methyl-2-0xo0-6-
phenyl-1,2-
dihydro-1,7-
naphthyridin-3-yl)-
4-oxobutanoic acid

3-(3-
carboxypropanoyl)-
4-hydroxy-1-
methyl-2-o0x0-1,2-
dihydro-1,7-
naphthyridine-6-
carboxylic acid

4-(4-hydroxy-1-
methyl-2-o0x0-1,2-
dihydro-1,8-
naphthyridin-3-yl)-
4-oxobutanoic acid

358

358

276

352

320

276

Method

0,3B, 11

9,3B, 11

10, 3B,
12(b)

10, 3B,
11

10, 3B,
13

2, 3B,
12(b)
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Method 13. Preparation of 4-(5-Hydroxy-8-methyl-
7-0x0-3-phenyl-7,8-dihydropyrido[2,3-c]pyridazin-
6-y1)-4-oxobutanoic acid

(a) Ethyl 3,6-dichloropyridazine-4-carboxylate. To a solu-
tion of 3,6-dichloropyridazine-4-carboxylic acid (3.0 g, 26
mmol, commercially available from Aldrich, Milwaukee,
Wis.) in THF (5.0 mL) and EtOH (5.0 mL, 26 mmol) was
added DMAP (0.32 g, 2.6 mmol) and n-(3-dimethylamino-
propyl)-n'-ethylcarbodiimide hydrochloride (5.0 g, 28
mmol). The reaction was stirred at room temperature for 12
hours. Solvent was removed under reduced pressure to atford
an o1l. The o1l was partitioned between EtOAc and water, and
the organic extracts were combined, dried over sodium sul-
tate, filtered, and concentrated to afiford a yellow o1l. The

crude product was purified by silica gel flash chromatography
(10% EtOAc/Hexane) to provide a colorless o1l. MS (ESI)
m/z: Calculated: 221.0; Observed: 221.0. 'H NMR (400
MHz, CDCIl,) o ppm 7.85 (s, 1H), 4.48 (q, J=7.24 Hz, 2H),
1.44 (t, I=7.24 Hz, 3H).

(b) Ethyl 6-chloro-3-(methylamino)pyridazine-4-car-
boxylate. To a sealed tube was added ethyl 3,6-dichloropy-
ridazine-4-carboxylate (2.0 g, 9 mmol), anhydrous K,CO,
(1.0g, 10 mmol), and 2.0 M MeNH, in THF (6 mL, 12 mmol).
The tube was sealed, the resulting yellow mixture was stirred
at room temperature for 16 hours, and then the solids were
collected by filtration and washed with EtOAc to afford a
white solid. MS (ESI) m/z: Calculated: 215.6; Observed:
216.1.

(c) Ethyl 6-chloro-3-(3-ethoxy-N-methyl-3-oxopropana-
mido)pyridazine-4-carboxylate. To a mixture of ethyl
6-chloro-3-(methylamino)pyridazine-4-carboxylate (1.6 g,
7.4 mmol) and anhydrous K,CO; (1.3 g, 9.6 mmol) in THF
(50.0 mL) was added dropwise propanoic acid, 3-chloro-3-
0x0-, ethyl ester (1.1 mL, 8.9 mmol, commercially available
from Aldrich, Milwaukee, Wis.). Alter stirring the reaction at
room temperature for 16 hours, the solids were removed by
filtration, and the filtrate was concentrated to afford a dark oil.

The crude product was purified by silica gel flash chromatog-

raphy (40% FEtOAc/Hexane) to provide a yellow oi1l. MS
(ESI) m/z: Calculated: 329.7; Observed: 330.0.

(d) Sodium 3-chloro-6-(ethoxycarbonyl)-8-methyl-7-0x0-
7,8-dihydropyrido[2,3-c]pyridazin-5-olate. To an 1ce-cooled
solution of EtOH (5.0 mL) ere added small pieces of sodium
metal (0.17 g, 7.3 mmol). The i1ce bath was removed and the
mixture was stirred at room temperature until the sodium was
no longer visible. The NaOEt solution was transierred drop-
wise to a solution of ethyl 6-chloro-3-(3-ethoxy-N-methyl-3-
oxopropanamido )pyridazine-4-carboxylate (1.2 g, 3.6 mmol)
in EtOH (3 mL). After the addition was complete, the mixture
was stirred for an additional 2 minutes, and then the solids
were collected by filtration and washed with ether. MS (ESI)
m/z: Calculated: 283.7; Observed: 284.0. 'H NMR (300
MHz, DMSO-d,) 6ppm7 84 (s,1H),4.06 (q,]=7.16 Hz, 2H),

3.54 (s, 3H), 1.19 (1, J=7.16 Hz, 3H).
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(¢) Ethyl 5-hydroxy-8-methyl-7-0x0-3-phenyl-7,8-dihy-
dropyrido[2,3-c]pyridazine-6-carboxylate. In a sealed tube
was combined sodium 3-chloro-6-(ethoxycarbonyl)-8-me-
thyl-7-ox0-7,8-dihydropyrido[2,3-c|pyridazin-5-olate (0.50
g, 1.8 mmol), phenyl boronic acid (3.5 mmol, commercially
available from Aldrich, Milwaukee, Wis.), Pd(PPh,), (0.20 g,
0.18 mmol), 2.0 M ag. Na,CO; (2.6 mL, 5.3 mmol), and
1,2-dimethoxyethane (10.0 mL, 1.8 mmol). The tube was
flushed with argon, sealed, and then heated 1n an o1l bath at
100° C. for 16 hours. The crude reaction mixture was
adsorbed onto silica and purified via flash chromatography

(5% to 20% MeOH/CHCI,).

(1) 5-Hydroxy-8-methyl-3-phenylpyrido[2,3-c|pyridazin-
7(8H)-one. The title compound 1s prepared by heating ethyl
S-hydroxy-8-methyl-7-0xo0-3-phenyl-7,8-dihydropyrido| 2,
3-c]pyridazine-6-carboxylate in hydrochloric acid according
to the procedure of Method 3A.

(g) Ethyl 8-methyl-7-0x0-3-phenyl-7,8-dihydropyrido]2,
3-c]pyridazin-3-yl succinate. The title compound 1s prepared
by acylation of 5-hydroxy-8-methyl-3-phenylpyrido[2,3-c]
pyridazin-7(8H)-one with ethyl 4-chloro-4-oxobutanoate
according to that described in Method 4 (step b).

(h) Ethyl 4-(5-hydroxy-8-methyl-7-0x0-3-phenyl-7,8-di-
hydropyrido| 2,3-c]pyridazin-6-yl)-4-oxobutanoate. The title
compounds 1s prepared by rearrangement of ethyl 8-methyl-
7-0x0-3-phenyl-7,8-dihydropyrido[ 2,3-c]pyridazin-5-yl
succinate using sodium acetate according to literature proce-
dures. Alternatively, the title compound 1s prepared by rear-
rangement of ethyl 8-methyl-7-0x0-3-phenyl-7,8-dihydropy-
rido[ 2,3-c]pyridazin-3-yl succinate using aluminum chloride
according to that described in Method 4 (step ¢).

(1) 4-(3-Hydroxy-8-methyl-7-0x0-3-phenyl-7,8-dihydro-
pyrido[2,3-c]pyridazin-6-yl)-4-oxobutanoic acid. The fitle
compound 1s prepared by saponification of ethyl 4-(5-hy-
droxy-8-methyl-7-0x0-3-phenyl-7,8-dihydropyrido[2,3 ]
pyridazin-6-yl)-4-oxobutanoate using lithium hydroxide
according to that described in Method 4 (step d).

Method 16. Preparation of Ethyl 5-hydroxy-8-me-
thyl-7-ox0-2-(trifluoromethyl)-7,8-dihydropyrido| 2,

3-d]pyrimidine-6-carboxylate

OH O
vV X X O/\
)‘\ F
F3C N N O

(a) Ethyl 4-(methylamino)-2-(trifluoromethyl)pyrimidine-
S-carboxylate. A mixture of ethyl 4-chloro-2-(trifluorom-
cthyl)pyrimidine-3-carboxylate (1 g, 4 mmol, commercially
available from Maybridge), K,CO; (2 g, 12 mmol) and
methylamine (2.0M solution 1n THF (20 mL)) was stirred at
room temperature overnight. The reaction mixture was {fil-
tered through Celite and concentrated under reduced pressure
to give the crude product as a light-peach colored solid. MS

m/z: Calculated: 249.19; Observed; 250.
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(b) Ethyl 4-(3-ethoxy-N-methyl-3-oxopropanamido)-2-
(trifluoromethyl)pyrimidine-5-carboxylate. To a solution of
cthyl 4-(methylamino)-2-(trifluoromethyl)pyrimidine-5-car-
boxylate (200 mg, 0.80 mmol) in DCM (10 mL) were added
cthyl malonoyl chloride (0.21 mL, 1.6 mmol) and a suspen-
s1on of silver cyanide (0.027 mL, 0.8 mmol) in ACN (10 mL).
Reaction was stirred at room temperature for 10 days.
Another equivalent of AgCN and 1 mL of ethyl malonyl
chloride was added, and the reaction was heated at reflux and
stirred for 3 days. The solid was filtered ofl and the filtrate was
concentrated to give an orange oil. The yield was approxi-
mately 48% as determined LCMS. The product was used in
the next step without further purification.

(c) Ethyl 5-hydroxy-8-methyl-7-oxo0-2-(trifluoromethyl)-
7,8-dihydropyrido[2,3-d|pyrimidine-6-carboxylate.  Ethyl
4-(3-ethoxy-N-methyl-3-oxopropanamido)-2-(trifluorom-
cthyl)pyrimidine-5-carboxylate (140 mg, 0.39 mmol) was
diluted in EtOH (10 mL) and then treated with 20 wt %
NaOEt (5 mL, 0.39 mmol) at room temperature for 15 min-
utes. A yellow precipitate was filtered and some solid was
recovered but filtrate was cloudy. AcOH was added to the
filtrate which was then concentrated under reduced pressure
to give an o1ly solid. Ether was added, and the mixture washed
with water and brine and then dried over MgSO,, and concen-
trated under reduced pressure to give a yellow o1l. The prod-
uct was used 1n the next step without further purification.

TABLE 3
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VHL {(Amino Acids 54-213)

(SEQ ID NO: 1)
MHHHHHHEAGRPRPVLRSVNSREPSOVIFCNRSPRVVLPVWLNFDGEPOPY

PTLPPGTGRRIHSYRGHILIWLFRDAGTHDGLLVNQTELEVPSLNVDGQPIFA
NITLPVYTLKERCLOVVRSLVKPENYRRLDIVRSLYEDLEDHPNVQKDLER
LTOQERIAHQRMGD

ElonginB
(SEQ ID NO: 2)
MDVEFLMIRRHKTTIFTDAKESSTVFELKRIVEGILKRPPDEQRLYKDDQLL

DDGKTLGECGEFTSQTARPOAPATVGLAFRADDTFEALCIEPEFSSPPELPDV
MKPQDSGS SANEQAVQ®

ElonginC (Amino Acids 17-112}

(SEQ ID NO: 3)
MYVKLISSDGHEFIVKREHALTSGTI KAMLSGPGOFAENETNEVNEFREIPS

HVLSKVCMYFTYKVRYTNSSTEIPEFPIAPEIALELLMAANFLDC

The N-terminus of VHL contains a six histidine affinity tag
for purification purposes.

A VCB-based assay allows a highly sensitive and direct
measurement of enzymatic product formation (HIF 1. pro-
tein or fragments thereol containing a hydroxylated proline
residue) and 1s suitable for high throughput screening.

The following table lists compounds which are prepared by the methods described above.

Name

Structure

Ex

01

02

4-(5-hydroxy-&-
methyl-7-o0x0-3-
phenyl-7,8-
dihydropyrido[2,3-
c|pyridazin-6-yl)-4-
oxobutanoic acid

4-(5-hydroxy-8-

MW Method

353 15

345 3B, 16

methyl-7-0x0-2-

OH

(trifluoromethyl)-7,8-
dihydropyrido[2,3-

‘ d]pyrimidin-6-yl)-4-

The following are examples of methods that may be used to
quantitate HIF PHD activity and the inhibition of HIF PHD
activity by compounds of the present invention.

Expression Purification and Europium Labeling of

V(B and Design of an Eu-VCB Based TR-FRET

Assay for the Detection of Hydroxyprolyl HIF1a
Peptides

The VCB complex 1s defined as the Von Hippel-Lindau
protein (pVHL), elongin B and elongin C heterotrimeric com-
plex. VCB specifically binds to hydroxyproline residues of
HIF1a, initiating polyubiquitinylation of HIF 1. and 1ts sub-
sequent proteolytic destruction. In the absence of prolyl
hydroxylase activity, VCB does not bind unmodified HIF 1a.
The VCB complex was expressed in E. coli and purified from
the soluble fraction. The amino acid sequences of the three
protein components are as follows:

50

55

60

65

oxobutanoic acid

For expression in £. coli, VHL 54-213 was cloned 1into
pAMG21 (Plux promoter) between the Ndel-Xhol site.
Immediately downstream of this 1s the ElonginC gene cloned

into the Xhol site to Sacll. There1s a 13 bp spacer between the
stop codon of VHL and the initiating codon of ElonginC. The
expression plasmid pAMG21 1s a 6118 base pair plasmid that
was dertved from the expression vector pCEFM1656 (ATCC
#693576), which 1n turn can be denived from the expression
vector system described in U.S. Pat. No. 4,710,473, This
design allows for chemical rather than thermal induction of
protein expression by substitution of the promoter region,
replacing a synthetic bacteriophage lambda pl promoter with
a DNA segment containing the LuxR gene and the LuxPR
promoter, and affords regulation of expression by the plas-
mid-encoded LuxR protein, thereby allowing any F. coli
strain to serve as host.

ElonginB was cloned into pTA2 (pACYC184.1 based vec-

tor) under the control of a Lac promoter. Competent £. coli
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cells were transtormed with the pAMG21-VHL-ElonginC
construct. These E. coli cells were rendered competent again
prior to transiormation with the pTA2-elonginB construct to
produce the final £. coli strain containing both plasmid con-
structs. Induction of protein expression was initiated by the
addition of IPTG and N-(3-oxo-hexanoyl)-homoserine lac-
tone (HSL) at 30° C.

Bacterial cells were lysed by a microfluidizer 1in aqueous
butfer of pH 8.0 and the soluble fraction was separated by
centrifugation. The soluble E. coli fraction was subjected to
Nickel-NTA chelating chromatography to utilize the six his-
tidine affimity tag located on the pVHL construct. The pooled
fractions from the nickel column were applied to a Superdex
200 s1ze exclusion chromatography (SEC) column. The pro-
tein eluted as a monomer on SEC, indicating that the three
protein components formed a complex 1n solution. The frac-
tions from the SEC column were pooled and applied to a
Sepharose anion exchange column for final purification. The
purified complex was visualized by SDS-PAGE and the iden-
tities of the three protein components were confirmed by
N-terminal amino acid sequencing.

Purified VCB was exchanged into 50 mM sodium carbon-
ate butler pH 9.2 and labeled with a europium chelate over-
night. LANCE™ europium chelate (PerkinElmer, Inc; Eu-
W1024 I'TC chelate; catalog number 1s ADO0013) was used to
label the lysine residues of the VCB complex. The chelate
contains an isothiocyanate reactive group that specifically
labels proteins on lysine residues (there are fifteen lysine
residues 1n the VCB protein complex). The resulting europy-
lated VCB was purified by desalting columns and quantitated
by standard means. The labeling yield was determined to be
6.6 europium groups per one VCB complex.

Two peptides were produced by SynPep, Inc.: a hydrox-
yproline modified peptide and an unmodified control peptide.
V(B was expected to specifically bind to the hydroxyproline
modified peptide (a mimic of enzymatic hydroxylation by
prolyl hydroxylase). VCB was not expected to bind to the
unmodified peptide. Both peptides were produced with a
biotin group at the N-terminus to allow for binding by the
streptavidin-labeled fluorescent acceptor allophycocyanin
(streptavidin APC; Prozyme, Inc.).

The sequence of the custom synthesized HIF1a peptides
(amino acids 556-575, with methionine residues replaced
with alanine residues to prevent oxidation) were as follows:

(unmodified) Biotin-DLDLEALAPYIPADDDFQLR-CONH,

(modified) Biot in-DLDLEALA[hyP]YIPADDDFQLR - CONH,

The peptides were purchased from SynPep as lyophilized
solids and were suspended 1n DMSO for experimental use.
The peptides were quantitated according to their absorbance
at 2380 nm.

Experiments were conducted 1n 96 well Costar polystyrene
plates. Biotinylated peptides and europylated VCB were sus-
pended 1n the following builer: 100 mM HEPES 7.5, 0.1 M
NaCl, 0.1% BSA and 0.05% Tween 20. The reagents were
allowed to reach equilibrium by shaking for 1 hour before the
plates were read on the Discovery Instrument (Packard). The

data output 1s the ratio of the 665 nm and 620 nm emission
signal resulting from the 320 nm excitation.

As shown 1n FIG. 1, the specific interaction of europylated
VCB with the hydroxyproline modified HIFla peptide
coupled to streptavidin APC generated a fluorescence signal
detectable over the background signal. These results demon-
strate a fluorescence signal generated by the specific interac-
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tion of Eu-VCB with hyp-HIF1a peptide. Each bar represents
the data from a single well of a 96 well assay plate. The signal

to background ratio was calculated from data from a control
plate (unmodified peptide). Eu-VCB concentration was
titrated across rows (nM) and streptavidin APC concentra-

tions were titrated down columns. The peptide concentration
was fixed at 100 nM.

Detection of Enzymatically Converted

Hydroxyprolyl HIF-1o by HIF PHD2 and Inhibition
of HIF PHD?2 activity

Binding of the P564-HIF1a. peptide to VCB was validated
utilizing the homogeneous time-resolved FRET (TR-FRET)
technology. A 17 amino acid (17aa) peptide with an N-termi-
nally labeled biotin molecule corresponding to amino acid
sequences 538 to 574 of the HIF 1o protein was synthesized
in-house (DLEMLAPYIPMDDDFQL (SEQ ID NO: 6)). A
second 17aa peptide contaiming a hydroxylated proline at
position 564 was chemically generated to mimic the PHD
enzyme converted product form of the protein that is recog-

nized by VCB. The assay was performed in a final volume of
100 uL 1 butter contaiming 50 mM Tris-HCI (pH 8), 100 mM

NaCl, 0.05% heat inactivated FBS, 0.05% Tween-20, and
0.5% NaN,. The optimal signal over background and the
linear range of detection was determined by titrating the
hydroxylated or unhydroxylated peptide at varied concentra-
tions between 0 and 1 uM with a titration of VCB-Eu at
varying concentrations between 0 and 50 nM with 50 nM of
streptavidin APC. The binding reagents were allowed to reach
equilibrium by shaking for 1 hour before 1t was read on the
Discovery Instrument (Packard). The data output 1s the ratio
of the 665 nm and 620 nm emission signal resulting from the

320 nm excitation.
HIF PHD?2 activity was detected by P3564-HIF1a peptide

and VCB binding in the TR-FRET format. HIF PHD2 was
assayed at various concentrations between 0 and 400 nM with
3 uM HIF1a peptide in buifer containing 50 mM Tris-HCI
(pH 7.5), 100 mM NaC(l, 0.05% Tween 20, 2 mM 2-oxoglu-
tarate (2-OG), 2 mM ascorbic acid and 100 uM Fe(Cl, 1n a
final volume of 100 uL.. The time-course was determined by
periodically transferring 2.5 ul. of the reaction into 250 uL of

10x TR-FRET butfer containing S00 mM HEPES (pH 7.5), 1
M Na(Cl, 1% BSA, and 0.5% Tween-20 to terminate the

4)

5)

enzyme reaction. 15 nM HIF-1a peptide from the terminated
reaction was added to 35 nM streptavidin-APC and 10 nM
VCB-Eu to a final volume o1 100 uL. 1n 10x TR-FRET butfer.

The TR-FRET reagents were placed on a shaker for 1 hour
before detection on the Discovery platiorm.

As demonstrated in FIGS. 2A and 2B, there was a dose
dependent increase in TR-FRET signal resulting from bind-
ing of the hydroxylated-P364-HIF 1o peptide to VCB-Eu
compared to the unhydroxylated form of the peptide resulting
in a 14 fold signal over noise ratio at 125 nM HIF1a. peptide.
VCB binding to the APC bound peptide permits a FRET

transier between the Eu and APC. The signal was linear to 2
nM peptide with 3.125 nM VCB, but increases to 62.5 nM

peptide with 50 nM VCB resulting 1n a larger linear range.
TR-FRET detection utilizing Eu-labeled VCB 1s a practical

system for determining HIF PHD2 catalytic activity. HIF

PHD2 hydroxylation of the HIFla peptide results in the
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increase ailinity of VCB to the peptide and hence and
increased FRET signal. As shown 1n FIGS. 3A and 3B, activ-
ity was verified with a fairly linear and an increasing
TR-FRET signal over time. There was a dose dependant
increase 1n 1nitial rates with increasing HIF PHD?2 enzyme
concentration up to 400 nM. The iitial rates were linear to
100 nM enzyme.

Inhibition of HIF PHD2 activity was quantified utilizing
the TR-FRET technology. HIF PHD2 catalyzes a hydroxyl
modification on the proline residue of the P564-HIF 1 pep-
tide substrate (Biotin-DLEMLAPYIPMDDDFQL (SEQ ID
NO: 7)) resulting 1n recognition and binding of the europy-
lated Von Hippel-Lindau protein (pVHL), elongin B and
clongin C heterotrimeric (VCB-Eu) complex.

[,

10

The PHD2 inhibition assay was executed by addition of 15

freshly dissolved FeCl, to 178.57 uM (100 uM final concen-
tration) 1n PHD?2 Reaction Bufler containing 30 mM MES,
pH 6, 10 mM NaCl, 0.25% Br13-35, 0.01% BSA, and 1%
DMSO. 28 uL of the 1ron solution and 2 of inhibitor com-
pounds serially diluted 1n 100% DMSO (5% DMSO final)
were added to black polypropylene 96-well microtiter plates.
To that, 10 uLL of 10 nM PHD2 (2 nM final) was added to all
wells of the plate except for the 8 wells of column 12 (LO
control), and allowed to incubate at room temperature on the
shaker for one hour. Column 6 was the HI control containing
PHD2 enzyme and 5% DMSO vehicle, but no inhibitor com-
pound. To 1nitiate the PHD2 enzymatic reaction, 10 uL of a
solution containing 500 nM P564-HIF1a peptide (100 nM
final), 10 mM ascorbic acid (2 mM final), and 1.25 uM 2-oxo-
glutarate (o.-ketoglutarate; 0.25 uM final) 1n PHD2 Reaction
Builer was added to all wells of the plate and allowed to
incubate on the shaker at room temperature for one hour.
The reaction was terminated by addition of 25 uL

TR-FRET Buiter (50 mM TRIS-HCI, pH 9, 100 mM Na(l,
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0.05% BSA, and 0.5% Tween-20) containing 150 mM suc-
cinate (product inhibitor; 50 mM final), 75 nM streptavidin-
APC (25 nM final), and 7.5 nM VCB-Eu (2.5 nM final). The
TR-FRET detection reagents were placed on a shaker for 1
hour to reach binding equilibrium before reading on the Dis-
covery platform (PerkinElmer). Europium 1s excited at 315
nm and phosphoresces at 615 nm with a large Stoke’s shitt.
APC, in turn, emits at 655 nm upon excitation at 615 nm. The
TR-FRET signal 1s measured as the ratio of the APC 655 nm
signal divided by the internal europium reference 615 nm
emission signal.

The POC (percentage of control) was determined by com-
paring the signal from hydroxylated peptide substrate in the
enzyme reaction containing inhibitor compound with that
from PHD2 enzyme with DMSO vehicle alone (HI control),
and no enzyme (LO control). POC was calculated using the
formula: % control (POC)=(cpd-average LO)/(average
HI-average L.O)*100. Data (consisting of POC and inhibitor
concentration 1in uM) was fitted to a 4-parameter equation
(v=A+((B=-A)/(1+((x/C) D))), where A is the minimum y
(POC) value, B 1s the maximum y (POC), C 1s the x (cpd
concentration) at the point of inflection and D 1s the slope
factor) using a Levenburg-Marquardt non-linear regression
algorithm.

In certain embodiments, compounds of the present inven-
tion exhibit a HIF PHD mhibitory activity 1C;, value of 40
uM or less. In additional embodiments, compounds of the
present invention exhibit a HIF PHD inhibitory activity IC.,
value of 10 uM or less and 1n further embodiments, com-
pounds of the present invention exhibit a HIP PHD inhibitory
activity IC, value of 5 uM or less.

The following table includes PHD2 IC., values obtained
using the procedures set forth herein for various Examples
compounds described herein.

TABLE 4

PHD?2 IC;, values of Example Compounds

Example

PHD2 IC.,
Structure (LM)
OH 0 0.208
I
\‘ N X COM
/
Sy T O
OH 0 0.775
‘ XX CO,H
P \N 5
Br ‘
OH 0 0.0645
‘/\ X CO,H
/
F3C/ N O
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TABLE 4-continued

PHD?2 IC5, values of Example Compounds

Example

10

Structure

OH O

X CO,H

Br I“J O

\/\N .

CO-H

%_?5

CO-H

PHD? ICs,
(LM)

0.0649

0.566

0.135

0.309

0.343

0.779

0.285

08
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TABLE 4-continued

PHD?2 IC<, values of Example Compounds

70

Example Structure
11 OH O
‘/\ AN
S \/\N O
Hozc/ ‘\/ ‘

Collagen Prolyl Hydroxylase I and II Activity
Determined by Radiometric HPLC Measurement of
2-Oxoglutarate Conversion to Succinic Acid

IC,, values were obtained for the Example compounds
with respect to Collagen Prolyl Hydroxylase I (CPHI1) and
Collagen Prolyl Hydroxylase II (CPH2) using the assay
methods described below. Surprisingly, replacement of an
amide N 1n the side chain of the molecule with a C atom
greatly enhanced the selectivity of the Example compounds

tor PHD2 with respect to CPH1 and CPH2.

Assay conditions were established 1n separate studies to
define dependence on dithiothreitol (D1T), ascorbate, and
catalase, and to define reaction linearity and K values for
2-oxoglutarate (2-OG; PerkinElmer LAS, Shelton, Conn. or
Moravek Biochemicals, Brea, Calit.), FeSO,, and (Pro-Pro-
Gly),, peptide (PPG,,; Peptides International, Louisville,
Ky.). Linearity was evident to at least 40% conversion but
reactions did not typically exceed 30% conversion of 2-OG to
succinic acid (SA). Product inhibition was not evident. Com-
pounds were dissolved and serially diluted in 100% DMSO
for potency determination. Assay Buller consisted of Tris-
HCIL, pH 7.5, 0.2 mM DTT, and 0.5 mg/ml catalase. PPG,,
peptide was dissolved 1n 0.25% acetic acid and denatured by
boiling for 5 minutes then placed on 1ce for 5 minutes. The
denatured PPG,, was then pre-mixed with 1 M ascorbate,
prepared 1n water, and the mixture diluted with Assay Builer
to yield a working solution of 5x peptide and ascorbate.
FeSO, was freshly dissolved 1n water and diluted to a 2.8x
concentration in Assay Buller. Enzyme stocks were diluted to
a Sx concentration in Assay Butifer. Example compounds plus
FeSO, solution were mixed, followed by addition of 5x
enzyme solutions. After 10 minutes gentle mixing at room
temperature, the 5x peptide solution was added. After another
10 minutes gentle mixing at room temperature, a 5x stock of
2-0G was added to initiate the reaction. Final concentrations
in the assay were: S0 mM Tris-HCL pH7.5,0.2mM DT, 0.5
mg/mlL catalase, 10 uM FeSO,, 100 uM PPG,,, S0 uM
5-[**C]-2-oxoglutarate (23-37 cpm/pmol), 1 mM ascorbate,
and 4% DMSO. Reactions were gently mixed at room tem-
perature for 1 hour and terminated by addition of an equal
volume of 0.02 N H,SO,. Unless otherwise indicated, all
reagents were obtained from Sigma and were the highest
grade available.

A portion of each terminated reaction was auto-injected

into a Polypore H column (PerkinElmer, Waltham, Mass.) at
a rate of 0.3 mL/min with 0.01 N H,SO,, as the mobile phase.
The HPLC method employed exploits the difference in pKa
of the 2-OG and SA carboxylates to chromatographically
separate substrate from product at low pH on 1on-exchange
resin, as described by Cunliffe, et al (Biochem 1., 240, 617-
619 (1986)) and Kaule and Gunzler (Anal. Biochem., 184,
291-297 (1990)). An Agilent 1100 HPLC System with dual

20

25

30

35

40

45

50

55

60

65

PHD? ICs,
(LM)

0.0114

CO,H

quaternary pumps, column switching valve, and dual col-
umns was used to resolve product from substrate. The Agilent
1100 Multiple Wavelength Detector indicated UV absorption
of the substrate and product peaks at 210 nm and a Beta-RAM
Model 2 radiation detector with In-Flow 2:1 scintillation
cocktail (IN/US Systems Inc.) enabled quantitation of the 2
radioactive peaks. Laura Lite software (IN/US, Tampa, Fla.)
was used to collect and analyze radiometric data. AUC mea-
surements were converted to percent turnover of 2-OG. To
standardize across studies, 2-OG conversion was normalized
to percent of control (POC) values using reactions that lacked
enzyme or inhibitor as low and high controls, respectively.
POC data was fitted to the 4-parameter logistic model (A+
(B=A)/(1+((x/C) D)))) using ActivityBase (IDBS, Alameda
Calif.) where A 1s the minimum POC value, B 1s the maxi-
mum POC value, D 1s the slope factor, and C 1s compound
concentration at the inflection point (IC.,, micromolar).

Cloning and Expression of CPH1 and CPH?2
Enzymes

The Baculovirus Expression Vector System (BEVS) from
Invitrogen was used to express collagen prolyl 4-hydroxylase

(CPH) 1n Trichoplusia ni msect cells. Active collagen prolyl
4-hydroxylase 1s an oligomeric protein that exists as an o3,
tetramer. The alpha subunits mncorporated into the tetramer
can be either collagen prolyl 4-hydroxylase a 1 (GenBank
reference sequence NM__000917) or collagen prolyl 4-hy-
droxylase a2 (GenBank reference sequence NM__ 004199).
The beta subunit, collagen prolyl 4-hydroxylase 3 (GenBank
reference sequence NM__000918), 1s common to both forms
of the tetramer. The genes encoding the three subunits, a1, a2
and B, were cloned individually into separate pFastBacl
shuttle vectors (Invitrogen) in their precursor forms, which
include the native human secretion signal sequences. For the
purpose of identifying expressed protein, the . subunit genes
included a caspase-3 cleavable six-histidine metal affinity
sequence at the 5" end of the gene. In the expressed protein,
the metal affinity tag (MAHHHHHHDEVD) (SEQ 1D NO: 8)
was positioned at the o subunit N-terminus upstream of the
secretion signal sequence. For the purpose of identification
and purification, the 3 subunit gene was designed to encode a
s1x-histidine metal ailinity tag positioned downstream of the
secretion signal peptide so that the metal affinity tag would
remain aiter cleavage and secretion into the endoplasmic
reticulum. These recombinant pFastBacl shuttle vectors
were each used to generate baculovirus capable of expressing
their respective subumt polypeptides. The active, tetrameric
form of the enzyme was generated by co-expressing either
CPH-al and CPH-[3 or CPH-0.2 and CPH-p baculovirus at
2'7° C. Cells were harvested 48 hours post-infection by cen-
trifugation.
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Protein Sequences
The sequences betore the slash symbol (/) were removed in

vivo upon secretion mnto the endoplasmic reticulum. In the
following paragraphs, SS stands for secretion signal
sequence.

CPH-al (MAH,DEVD) -SS-CPHol)

(SEQ ID NO: 9)
MAHHHHHHDEVDIWYILIIGILLPQSLA/HPGFFTSIGOMTDLIHTEKDLY
TSLKDYIKAEEDKLEQIKKWAEKLDRLTSTATKDPEGFVGHPVNAFKLMKR
LNTEWSELENLVLKDMSDGFISNLTIQRQYFPNDEDQVGAAKALLRLQDTY
NLDTDTISKGNLPGVKHKSFLTAEDCFELGKVAYTEADYYHTELWMEQALR
QLDEGEISTIDKVSVLDYLSYAVYQQGDLDKALLLTKKLLELDPEHQRANG
NLKYFEYIMAKEKDVNKSASDDQSDQKTTPKKKGVAVDYLPERQKYEMLCR
GEGIKMTPRRQKKLFCRYHDGNRNPKFILAPAKQEDEWDKPRIIRFHDIIS
DAEIEIVKDLAKPRLSRATVHDPETGKLTTAQYRVSKSAWLSGYENPVVSR
INMRIQDLTGLDVSTAEELQVANYGVGGQYEPHFDFARKDEPDAFKELGTG
NRIATWLFYMSDVSAGGATVFPEVGASVWPKKGTAVFWYNLFASGEGDYST
RHAACPVLVGNKWV SNKWLHERGQEFRRPCTLSELE

CPH-a2 {(MAH,DEVD-SS-CPHa2)

(SEQ ID NO: 10)
MAHHHHHHDEVDKLWVSALLMAWFGVLSCVOA/EFFTSIGHMTDLIYAEKE
LVQSLKEYILVEEAKLSKIKSWANKMEALTSKSAADAEGYLAHPVNAYKLY
KRLNTDWPALEDLVLQODSAAGFIANLSVQRQFFPTDEDEI GAAKALMRLQD
TYRLDPGTISRGELPGTKYQAMLSVDDCFGMGRSAYNEGDYYHTVLWMEQV
LKQLDAGEEATTTKSQVLDYLSYAVFQLGDLHRALELTRRLLSLDPSHERA
GGNLRYFEQLLEEEREKTLTNQTEAELATPEGIYERPVDYLPERDVYESLC
RGEGVKLTPRRQKRLFCRYHHGNRAPQLLIAPFKEEDEWDSPHIVRYYDVM
SDEEIERIKEIAKPKLARATVRDPKTGVLTVASYRVSKSSWLEEDDDPVVA
RVNRRMQHI TGLTVKTAELLQOVANYGVGGQYEPHFDFSRRPFDSGLKTEGN
RLATFLNYMSDVEAGGATVFPDLGAAIWPKKGTAVFWYNLLRSGEGDYRTR
HAACPVLVGCKWVSNKWFHERGQEFLRPCGSTEVD
CPH-P (SS-H,-CPHf)

(SEQ ID NO: 11)

MLRRALLCLAVAALVRA/HHHHHHDAPEEEDHVLVLRKSNFAEALAAHKYL

LVEFYAPWCGHCKALAPEYAKAAGKLKAEGSEIRLAKVDATEESDLAQOYG
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-continued

VRGYPTIKFFRNGDTASPKEY TAGREADDIVNWLKKRTGPAATTLPDGAAA
ESLVESSEVAVIGFFKDVESDSAKQFLOAAEAIDDIPEFGITSNSDVESKYQ
LDKDGVVLEFKKFDEGRNNFEGEVTKENLLDEF I KHNQLPLVIEFTEQTAPKI
FGGEIKTHILLFLPKSVSDYDGKLSNFKTAAESEFKGKILEIFIDSDHTDNQ
RILEFFGLKKEECPAVRLITLEEEMTKYKPESEELTAERITEFCHRFLEGK
IKPHLMSQELPEDWDKOPVKVLVGKNFEDVAFDEKKNVEVEFYAPWCGHCK
QLAPIWDKLGETYKDHENIVIAKMDS TANEVEAVKVHSFPTLKFFPASADR
TVIDYNGERTLDGFKKFLESGGODGAGDDDDLEDLEEAEEPDMEEDDDQKA

VKDEL

Purification and Characterization of CPH Enzymes

1. ni cells were resuspended in 25 mM Tris (pH 7.8),0.15M
NaCl, 10% glycerol, 0.1% Triton X-100, and Complete
“Free” protease mhibitor cocktail (Roche) and were lysed by
a microfluidizer. Lysate was cleared by centrifugation and
filtered through a 0.45 um cellulose acetate membrane before
application to a N1-NTA column at 2 mL/min. The column
was washed with 25 mM 1midazole and protein was eluted
with a bulfer containing; 20 mM Tri1s 7.8, 0.15 M NaCl, 10%
glycerol, 0.1% CHAPS and 250 mM imidazole. Peak frac-
tions were pooled and applied to a Superdex 200 XK 26/60
column (GE Biosciences) equilibrated with; 20 mM Tris(pH
7.8), 0.15M Na(Cl, 10% glycerol and 0.1% CHAPS. Protein
identity was confirmed by Edman sequencing and a.22 het-
crodimer formation was detected by light scattering. Protein
concentration was determined according to the calculated
molar extinction coeflicient at 280 nm, and enzyme was typi-
cally snap frozen 1n liquid nitrogen and stored at —80° C.

The following table includes PHD2, CPHI1, and CPH?2
IC, values obtained using the procedures set forth herein for
Comparative and Example compounds described herein. As
shown 1n the following table, replacement of the N atom with
a C atom 1n the side chain results 1n a significant and surpris-
ing increase in selectivity of a compound for PHD2 with
respect to both CPH1 and CPH2 1n the compounds of the
invention. Therefore, in some embodiments, the invention
provides a compound of any of the embodiments 1n which the
selectivity of the compound for PHD?2 with respect to CPHI
1s greater than S5, greater than 8, greater than 10, greater than
15, greater than 20, or 1s even higher. The selectivity for these
purposes, can be determined by dividing the CPH1 IC,, value
of the compound by the PHD?2 IC., value of the compound
where the IC., values are determined using the methods pre-

sented herein.

TABLE 5

PHD2, CPHI and CPH2 IC5, values of Example and Comparative Compounds

PHD?2 CPH1 CPH?2
Structure Compound (LM) (LM) (LM)
Br OH O Comparative 0.188 0.341 0.058
Compound 1
‘ H
/ N
N O
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TABLE 5-continued

PHD?2, CPH1 and CPH2 IC4, values of Example and Comparative Compounds

Structure Compound
Br OH O Example 8
‘ X X CO-,H
F T .
OH O Comparative
Compound 2
Br
N XY N Nco,n
‘ H
/
T O
OH O Example 7
Br\ \ \
‘ COH
/
T O
OH O Comparative
Example 3
X N CoH
H
Br T O
OH O Example 4
X CO>H
Br T O
Comparative
Example 4

CO,H

Example 2

PHD?2
IC5q

(LM)

0.343

0.351

0.309

0.046

0.0649

0.104

0.775

CPHI1
IC54

(M)

>4()

0.404

>40)

0.351

>40)

0.503

22.7

CPH2
IC5q

(M)

5.285

0.115

3.82

0.111

13.4

0.261

1.87

74
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Stimulation of Erythropoietin by Compounds of the
Invention

Female Sprague-Dawley rats (Charles River Laboratories,
Wilmington, Mass.) weighing approximately 220-240
grams, were given a single per os administration of the test
compound(s) or vehicle (2% hydroxypropylmethylcellulose,

1% Tween 80, 0.075N NaOH, pH 9 with HCI) via oral gavage
with an 18 gauge 2" disposable feeding needle (Popper and

Sons, New Hyde Park, N.Y.). Approximately 150 uLL of blood 10

was collected from the tail vein using a 23 gauge 34" buttertly
needle at various time points between 0.5 and 48 hours post-
administration. Blood was transierred into collection tubes
containing EDTA (Gremer B1o-One, Kremsmunster, Aus-
tria), and centrifuged at 10,000 rpm at 4 degrees centigrade
for 8 minutes for plasma collection. At 48 hours post-admin-
1stration, animals were sacrificed via CQO, mhalation and 3-4
ml. of blood was collected via cardiac puncture with a 20
gauge 1" needle, and aliquoted into collection tubes contain-
ing EDTA and 1nto serum separator tubes (Greiner Bio-One,

SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 11
<210> SEQ ID NO 1
<211> LENGTH: 166
«212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

15

76

Kremsmunster, Austria). Blood was centrifuged as described
above for plasma and serum collection. The resulting plasma
from each time point was analyzed for erythropoietin using a
MSD rat EPO assay (Meso Scale Discovery, Gaithersburg,
Md.) and the results are shown 1n FIG. 4. Fach of Example
compounds 4,7, and 8 produced a dramatic increase 1n eryth-
ropoietin following administration as 1s clear when compared
with the data corresponding to administration of vehicle.

All publications and patent applications cited in this speci-
fication are hereby incorporated by reference herein 1n their
entireties and for all purposes as if each individual publication
or patent application were specifically and individually 1ndi-
cated as being incorporated by reference and as 1f each refer-
ence was Tully set forth 1n 1ts entirety. Although the foregoing
invention has been described 1n some detail by way of 1llus-
tration and example for purposes of clarity of understanding,
it will be readily apparent to those of ordinary skill 1n the art
in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing
from the spirit or scope of the appended claims.

Met Hig His His

1

AYg

Ser

Gln

Tvyr
65

Leu

Gly

Glu

ATrg

Pro

145

His

Ser

Pro

Pro

50

Arg

Leu

Gln

Arg

Arg

130

Asn

Gln

Val

Arg

35

Gly

Vval

Pro

Cvs

115

Leu

Val

Arg

Agn

20

Val

Pro

Hig

Agn

Tle

100

Leu

ASDP

Gln

Met

Hisg

5

Ser

Val

Thr

Leu

Gln

85

Phe

Gln

Tle

Gly
165

«<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE: PRT

<213> ORGANISM: Homo sgapiens

<400> SEQUENCE:

118

2

His

ATg

Leu

Leu

Trp

70

Thr

Ala

Val

Val

ASP

150

ASpP

His

Glu

Pro

Pro

55

Leu

Glu

Agn

Val

Arg

135

Leu

Glu

Pro

Val
40

Pro

Phe

Leu

Tle

Arg

120

Ser

Glu

2la

Ser

25

Trp

Gly

ATg

Phe

Thr

105

Ser

Leu

ATrg

Gly

10

Gln

Leu

Thr

Asp

Val

90

Leu

Leu

Leu

ATrg

Val

Agn

Gly

Ala

75

Pro

Pro

Val

Glu

Thr
155

Pro

Ile

Phe

ATrg

60

Gly

Ser

Val

ASP
140

Gln

Arg

Phe

ASpP
45
Arg

Thr

Leu

Pro
125

Leu

Glu

Pro

Cvs

30

Gly

Tle

Hig

Asn

Thr

110

Glu

Glu

ATrg

Val

15

Asn

Glu

His

ASP

Val

o5

Leu

ASnh

ASp

Ile

Leu

Arg

Pro

Ser

Gly

80

Asp

Hig

Ala
160

Met Asp Val Phe Leu Met Ile Arg Arg His Lys Thr Thr Ile Phe Thr



1 5 10
Asp Ala Lys Glu Ser Ser Thr Val Phe Glu Leu
20 25
Gly Ile Leu Lys Arg Pro Pro Asp Glu Gln Arg
35 40
Gln Leu Leu Asp Asp Gly Lys Thr Leu Gly Glu
50 55
Gln Thr Ala Arg Pro Gln Ala Pro Ala Thr Val
65 70 75
Ala Asp Asp Thr Phe Glu Ala Leu Cys Ile Glu
85 S50
Pro Glu Leu Pro Asp Val Met Lys Pro Gln Asp
100 105
Asn Glu Gln Ala Val Gln
115
<210> SEQ ID NO 3
<211> LENGTH: 96
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
Met Tyr Val Lys Leu Ile Ser Ser Asp Gly His
1 5 10
Arg Glu Hig Ala Leu Thr Ser Gly Thr Ile Lys
20 25
Pro Gly Gln Phe Ala Glu Asn Glu Thr Asn Glu
35 40
Ile Pro Ser Hig Val Leu Ser Lys Val Cys Met
50 55
Val Arg Tyr Thr Asn Ser Ser Thr Glu Ile Pro
65 70 75
Pro Glu Ile Ala Leu Glu Leu Leu Met Ala Ala
85 S50
<210> SEQ ID NO 4
<211> LENGTH: 20
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:
«221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1) .. (1)
<223 > OTHER INFORMATION: Biotinylation
<220> FEATURE:
«221> NAME/KEY: MISC FEATURE
<222> LOCATION: (20)..(20)
<223> OTHER INFORMATION: Carboxylation

<400> SEQUENCE:

4

-continued

Leu

Cvys

60

Gly

Pro

Ser

Glu

Ala

Val

Tvyr

60

Glu

Agnh

Arg

Tyr

45

Gly

Leu

Phe

Gly

Phe

Met

Asn

45

Phe

Phe

Phe

Ile

30

Phe

2la

Ser

Ser
110

Tle

Leu

30

Phe

Thr

Pro

Leu

15

Val

ASpP

Thr

Phe

Ser

o5

Ser

Val
15

Ser

ATrg

Tle

ASpP
S5
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Glu

ASp

Ser

Arg

80

Pro

2la

Gly

Glu

Asp Leu Asp Leu Glu Ala Leu Ala Pro Tyr Ile Pro Ala Asp Asp Asp

1

Phe Gln Leu Arg

<210>
<211>
<212 >
<213>
<220>
<223 >

20

PRT

20

5

SEQ ID NO b
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION:

10

Synthetic peptide

15

78
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-continued

<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Biotinylation
<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Xaa at posgsition 9 ig hydroxyproline
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

<222> LOCATION: (20)..(20)

<223> OTHER INFORMATION: Carboxyamidated

<400> SEQUENCE: 5

Asp Leu Asp Leu Glu Ala Leu Ala Xaa Tyr Ile Pro Ala Asp AsSp Asp
1 5 10 15

Phe Gln Leu Arg
20

<210> SEQ ID NO o

<211l> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 6

Asp Leu Glu Met Leu Ala Pro Tyr Ile Pro Met Asp Asp Asp Phe Gln
1 5 10 15

Leu

<210> SEQ ID NO 7

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

«222> LOCATION: (1) .. (1)

<223> OTHER INFORMATION: Biotinylation

<400> SEQUENCE: 7

Asp Leu Glu Met Leu Ala Pro Tyr Ile Pro Met Asp Asp Asp Phe Gln
1 5 10 15

Leu

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPRE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

222> LOCATION: (1) ..({(12)

<223> OTHER INFORMATION: Metal affinity tag which includes histidines at
positions 3 through 8

<400> SEQUENCE: 8

Met Ala His His His His His His Asp Glu Val Asp
1 5 10

<210> SEQ ID NO ©

<211> LENGTH: 545

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

«221> NAME/KEY: MISC FEATURE

222> LOCATION: (1) ..({(12)
223> OTHER INFORMATION: Metal affinity tag which includes histidines at



<220> FEATURE:

«221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (13)..(28)
<«223> OTHER INFORMATION:

81

positions 3 through 8

<400> SEQUENCE:

Met Ala His His

1

Leu

Phe

Leu

Glu

65

Ala

Val

ATrg

Leu

145

ASP

His

Glu

Ala
225

Ala

Val

ATrg

305

Ala

ASP

Pro

Tle

Thr

Val

50

Gln

Thr

Leu

Leu

Gln

130

Leu

Gly

Thr

Tle

210

Val

Leu

Tyr

Ser

2la

290

Gly

Arg

Ile

Arg
370

Tle
Ser
35

Thr

Tle

Met

Lys

115

ATg

Agn

Phe

Glu

195

Ser

Leu

Phe

ASP

275

Val

Glu

Gln

Ile
355

Leu

Gly
20
Ile

Ser

ASP

Lys

100

ASDP

Phe

Leu

Leu

Glu

180

Leu

Thr

Gln

Glu

Glu

260

ASP

ASDP

Gly

His

Glu

340

Ser

Ser

O
His
5
Tle

Gly

Leu

Pro

85

ATy

Met

Pro

Gln

Pro

165

Leu

Trp

Tle

Gln

Leu
245

Gln

Ile
AsSp
325

AsSp

Asp

His

Leu

Gln

Trp

70

Glu

Leu

Ser

Agn

ASP

150

Gly

Gly

Met

ASpP

Gly

230

ASpP

Tle

Ser

Leu

Lys

310

Gly

Glu

Ala

Ala

-continued

Secretion sgignal sequence

Hig

Leu

Met

Asp

55

Ala

Gly

Asn

Asp

AsSp

135

Thr

Val

Glu

Lys

215

Asp

Pro

Met

Asp

Pro

295

Met

Agnh

Trp

Glu

Thr
375

His

Pro

Thr

40

Glu

Phe

Thr

Gly

120

Glu

Val

Gln

200

Val

Leu

Glu

Ala

Gln

280

Glu

Thr

Arg

ASP

Ile

360

Val

ASDP
Gln
25

ASDP

Ile

Val

Glu

105

Phe

ASP

Agn

His

Ala

185

Ala

Ser

ASP

His

Lys
265

Pro

AgSh

Lys

345

Glu

His

Glu
10

Sexr

Leu

Leu

Gly

90

Trp

Tle

Gln

Leu

Lys

170

Leu

Val

Gln
250
Glu

Thr

Gln

Pro
230

Pro

Ile

ASp

Val

Leu

Tle

Ala

ASp

75

His

Ser

Ser

Val

ASDP

155

Ser

Thr

Arg

Leu

Ala
235

Arg

Thr

ATYg

315

ATrg

Val

Pro

ASp

Ala

Hig

Glu

60

AT

Pro

Glu

Agn

Gly

140

Thr

Phe

Glu

Gln

ASpP

220

Leu

Ala

ASpP

Pro

Tvyr

300

Gln

Phe

Tle

Glu
380

Tle

His

Thr

45

Glu

Leu

Val

Leu

Leu

125

Ala

Asp

Leu

Ala

Leu

205

Leu

AsSn

Val

Lys

285

Glu

ITle

Tle

Asp

365

Thr

Trp

Pro

30

Glu

ASP

Thr

Agn

Glu

110

Thr

Ala

Thr

Thr

ASP

120

ASP

Leu

Leu

Gly

Agn
270

Met

Leu

ATrg
350

Leu

Gly

Tyr
15

Gly

Ser
2la
S5

Agn

Tle

Ile

2la

175

Glu

Ser

Thr

Agn
255

Leu

Leu

Ala

335

Phe

2la
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Tle

Phe

ASp

Leu

Thr

80

Phe

Leu

Gln

b2la

Ser

160

Glu

Lys
240
Leu

Ser

Gly

Phe
320

Pro

His

Leu

32



Thr

385

Glu

Gly

Val

Pro

Leu

465

Glu

Ala

Hig

Glu
545

<210>
<211>
<212 >
<213>
<220>
<221>
<222 >
<223 >

«220>
<221>
<222>
<223 >

<400>

Thr

Agn

Leu

Gly

ASp

450

Phe

Val

Agn

Glu
5320

2la

Pro

ASP

Gly

435

Ala

Gly

Leu

Pro

515

ATrg

Gln

Val

Val

420

Gln

Phe

Met

Ala

Phe

500

Val

Gly

PRT

Vval
405

Ser

Ser

Ser

485

2la

Leu

Gln

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Homo sapiens
FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION:

544

ATYg

390

Ser

Thr

Glu

Glu

ASP

470

Val

Ser

Val

Glu

83

Val
Arg
Ala
Pro
Leu
455
Val
Trp
Gly

Gly

Phe
535

(1) .. (12)

positions 3 through 8

FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION:
OTHER INFORMATION:

SEQUENCE :

Met Ala Hig His

1

Ser

Glu

Lys
65

Ser

Ala

ASp

Val

Lys
145

2la

Phe

Glu
50

Leu

Leu

Gln
120

2la

Leu

Phe

35

Leu

Ser

Ser

Val
115

ATrg

Leu

Leu
20
Thr

Val

Ala

Leu

100

Leu

Gln

Met

(13)..(32)
Secretion signal sequence

10

Hig

5

Met

Ser

Gln

Tle

Ala

85

Val

Gln

Phe

Hig

Ala

Tle

Ser

Lys

70

ASpP

ASpP

Phe

Leu
150

Hig

Trp

Gly

Leu

55

Ser

Ala

Arg

Ser

Pro

135

Gln

Ser

Tle

Glu

Hisg

440

Gly

Ser

Pro

Glu

Agn

520

ATrg

Hig

Phe

His

40

Trp

Glu

Leu

2la

120

Thr

ASDP

Agn

Glu

425

Phe

Thr

Ala

Gly
505

ATrg

ASP

Gly

25

Met

Glu

Ala

Gly

AgSh

105

Ala

ASP

Thr

Sexr

Met

410

Leu

ASp

Gly

Gly

Lys

490

ASp

Trp

Pro

Glu
10
Val

Thr

Agn

Tyr

S0

Thr

Gly

Glu

Ala

395

Arg

Gln

Phe

Asnh

Gly

475

Gly

Val

Val

Leu

ASpP

Ile

Liys

75

Leu

ASpP

Phe

ASDP

Arg
155

-continued

Trp Leu Ser Gly

Tle

Val

Ala

ATYg

460

Ala

Thr

Ser

Ser

Thr
540

ASP

Ser

Leu

Leu

60

Met

Ala

Trp

Tle

Glu

140

Leu

Gln

Ala

Arg

445

Tle

Thr

Ala

Thr

Asn

525

Leu

Tle

45

Val

Glu

His

Pro

Ala

125

Ile

Asp

ASP

Agn

430

Ala

Val

Val

ATrg

510

Ser

Leu

Val

30

Glu

Ala

Pro

Ala

110

Agn

Gly

Pro

Leu
415

ASP

Thr

Phe

Phe

495

His

Trp

Glu

Trp

15

Gln

2la

Glu

Leu

Val

S5

Leu

Leu

2la

Gly

US 8,048,394 B2

Tyr

400

Thr

Gly

Glu

Trp

Pro

480

Trp

b2la

Leu

Leu

OTHER INFORMATION: Metal affinity tag which includes histidines at

Val

Ala

Glu

Ala

Thr

80

Agn

Glu

Ser

2la

Thr
160

34



Tle

Val

Ala

Ser

225

Thr

ASh

Leu

Glu

Cys

305

Phe

Pro

Leu

385

ASpP

Thr

Gly

Phe

ASh

465

Leu

Asn

Glu

<210>
<211>
<212 >
<213>
<220>
<22]1>
<222 >

Sexr

ASp

Tyr

Gly

210

ATy

Leu

Thr

ATy

290

ATrg

Phe

ASpP

Pro

370

Thr

ASpP

Gly

Val

ASpP

450

Gly

Leu

Pro

Arg
530

ATrg

ASP

His

195

Glu

Ala

ATg

Arg

Agn

275

Pro

Gly

ATrg

Val

355

Val

ASP

Leu

Gly

435

Ser

Met

Ala

Leu

Val

515

Gly

Gly

Cys

180

Thr

Glu

Val

Leu

Tyr

260

Gln

Val

Glu

Glu

340

Met

Leu

Ala

Pro

Thr

420

Gly

Gly

Ser

Ala

ATg

500

Leu

Gln

PRT

Glu

165

Phe

Val

Ala

Phe

Leu

245

Phe

Thr

Asp

Gly

His

325

Glu

Ser

Ala

Ser

Val

405

Val

Gln

Leu

AsSp

Tle

485

Ser

Val

Glu

SEQ ID NO 11
LENGTH :
TYPE :
ORGANISM: Homo sapilens
FEATURE:
NAME /KEY: MISC _FEATURE
LOCATION:

514

Leu

Gly

Leu

Thr

Gln

230

Ser

Glu

Glu

Val

310

His

ASP

ASpP

ATg

Tyr

390

Val

Val
470

Trp

Gly

Gly

Phe

85

Pro

Met

Trp

Thr

215

Leu

Leu

Gln

Ala

Leu

295

Gly

Glu

Glu

Ala

375

Arg

Ala

Thr

Glu

Thr

455

Glu

Pro

Glu

Leu
535

(1) .. {(17)

Gly

Gly

Met

200

Thr

Gly

ASP

Leu

Glu

280

Pro

Leu

Agn

Trp

Glu

360

Thr

Val

ATrg

Ala

Pro

440

Glu

Ala

Gly

Lys
520

ATrg

Thr
Arg
185

Glu

ASDP

Pro

Leu

265

Leu

Glu

Thr

ASP

345

Tle

Val

Ser

Val

Glu

425

His

Gly

Gly

ASP
505

Trp

Pro

Lys

170

Ser

Gln

Sexr

Leu

Ser

250

Glu

2la

Arg

Pro

2la

330

Sexr

Glu

Agn

410

Leu

Phe

Agn

Gly

Gly

490

Val

Ala

Val

Gln

His

235

His

Glu

Thr

ASDP

ATrg

315

Pro

Pro

ATrg

ASDP

Ser

395

ATrg

Leu

ASp

ATYg

Ala

475

Thr

ATYg

Ser

Gly

-continued

Gln Ala Met Leu

Tvyr

Leu

Val

220

ATYg

Glu

Glu

Pro

Val

300

AYg

Gln

His

Tle

Pro

380

Ser

ATYg

Gln

Phe

Leu

460

Thr

Ala

Thr

Agnh

Ser
540

AsSn

Lys

205

Leu

Ala

Arg

Arg

Glu

285

Gln

Leu

ITle

Lys

365

Trp

Met

Val

Ser

445

Ala

Val

Vval

Arg

Lys

525

Thr

Glu

120

Gln

ASP

Leu

Ala

Glu

270

Gly

Glu

Leu

Val

350

Glu

Thr

Leu

Gln

Ala

430

ATrg

Thr

Phe

Phe

His

510

Trp

Glu

175

Gly

Leu

Glu

Gly

255

Tle

Ser

Arg

Ile

335

Arg

Tle

Gly

Glu

His

415

Agn

Arg

Phe

Pro

Trp

495

2la

Phe

Val

US 8,048,394 B2

Ser

ASp

ASpP

Leu

Leu

240

Gly

Thr

Leu
Leu
320

2la

Ala

Val

Glu

400

Tle

Pro

Leu

ASp

480

2la

His

ASp

86



<223 >
<«220>
<221>
<222>
<223>

<400> SEQUENCE:

Met Leu Arg Arg

1

Ala

Leu

Leu

65

Ser

Ala

Agn

ASpP

Thr

145

Val

Gln

Thr

Val

Glu

225

Pro

Gly

ASP

Gln

305

Val

Ser

Leu

ASp

His

Val

Leu

50

Ala

Glu

Gln

Gly

ASpP

130

Leu

2la

Phe

Sexr

Val

210

Val

Leu

Glu

Gly

290

Arg

Arg

Glu

Glu

Trp
370

His

Leu

35

Leu

Pro

Tle

Gln

ASP

115

Tle

Pro

Val

Leu

AgSh

195

Leu

Thr

Val

Tle

ASP

275

Ile

Leu

Glu

Gly

355

ASP

His

20

ATrg

Val

Glu

ATg

Tyr

100

Thr

Val

ASP

Tle

Gln

180

Ser

Phe

Tle

Lys

260

Gly

Tle

Leu

Tle

Leu
340

OTHER INFORMATION:
FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION:

87

-continued

Secretion signal sequence

(18) .. (23)
Six-histidine metal affinity tag

11

Ala
5

His

Glu

Leu

85

Gly

Ala

AsSn

Gly

Gly

165

Ala

AsSp

Glu
Glu
245

Thr

Leu

Glu

Thr

325

Thr

Ile

Gln

OTHER INFORMATION:

Leu

His

Ser

Phe

Ala

70

Ala

Val

Ser

Trp

Ala

150

Phe

Ala

Val

AsSn

230

Phe

Hisg

Leu

Phe

Phe

310

Leu

Ala

Pro

Leu

His

Asn

Tvyr
55

Arg

Pro

Leu

135

Ala

Phe

Glu

Phe

Phe

215

Leu

Thr

Tle

Ser

Tle

295

Phe

Glu

Glu

Pro

Val
375

ASpP

Phe

40

2la

2la

Val

Gly

Lys

120

Ala

2la

Ser

200

ASP

Leu

Glu

Leu

Agn

280

Phe

Gly

Glu

ATrg

His
260

Leu

Ala

25

Ala

Pro

Ala

ASP

Tyr

105

Glu

Glu

ASDP

Ile

185

Glu

ASP

Gln

Leu

265

Phe

Tle

Leu

Glu

Tle

345

Leu

Val

2la

10

Pro

Glu

Trp

Gly

2la

90

Pro

Arg

Ser

Val

170

ASpP

Gly

Phe

Thr

250

Phe

Met
2330
Thr

Met

Leu

Val

Glu

Ala

Liys

75

Thr

Thr

Thr

Thr

Leu

155

Glu

ASDP

Gln

ATrg

Ile

235

Ala

Leu

Thr

Ser

Lys

315

Thr

Glu

Ser

Val

Ala

Glu

Leu

Gly

60

Leu

Glu

ITle

Ala

Gly

140

Val

Ser

Ile

Leu

ASn

220

Pro

Pro

Ala

ASD

300

Glu

Phe

Gln

Gly
380

Ala

Glu

Ala

45

His

Glu

Gly
125

Pro

Glu

Asp

Pro

Asp

205

ASn

Hig

Ala
285

His

Glu

Glu
365

Leu
ASP
30

Ala

2la

Ser

Phe

110

Arg

Ala

Ser

Ser

Phe
190

Phe

Agn

Tle

Ser

270

Glu

Thr

His
350

Leu

Agn

Val
15

His

His

Glu

ASpP

o5

Phe

Glu

2la

Ser

2la

175

Gly

ASpP

Glu

Gln

Phe

255

Val

Ser

ASpP

Pro

Pro

335

Arg

Pro

Phe

US 8,048,394 B2

Val

2la

Gly

80

Leu

ATrg

Ala

Thr

Glu

160

Ile

Gly

Gly

Leu

240

Gly

Ser

Phe

Agn

2la

320

Glu

Phe

Glu

Glu



ASpP

385

Pro

Gly

Ser

Leu

Gly

465

Gln

Glu

Glu

Val

Trp

Glu

Thr

Lys

450

Glu

ASp

Glu

Leu

2la

Thr

Ala

435

Phe

ATg

Gly

Pro

Phe

Gly

Tyr

420

Agn

Phe

Thr

Ala

ASP
500

Asp

His

405

Glu

Pro

Leu

Gly

485

Met

Glu

390

ASpP

Val

Ala

ASP

470

ASP

Glu

89

Lys

His
Glu
Ser
455
Gly

Asp

Glu

Lys

Gln

Glu

2la

440

2la

Phe

ASpP

ASP

AgSh

Leu

ASn

425

Val

ASDP

ASP

ASP
505

Val

2la
410

Tle

Leu
490

ASp

Phe

395

Pro

Val

Val

Thr

Phe

475

Glu

Gln

-continued

Val Glu Phe Tyr

Tle

Tle

His

Val

460

Leu

ASDP

Trp

Ala

Sexr

445

Tle

Glu

Leu

Ala

What 1s claimed:
1. A compound of Formula I:

a pharmaceutically acceptable salt thereof, a tautomer
thereof, or a pharmaceutically acceptable salt of the

tautomer; or a mixture of any of the foregoing, wherein:
I, K, L, and M are each CRg;

nis 1 to 6;

R, and R, are independently selected from H, lower alkyl,
substituted lower alkyl, lower haloalkyl, or substituted
lower haloalkyl, or R, and R, can join together to form a
3 to 6 membered ring or a substituted 3 to 6 membered
ring,

R, and R, are independently selected 1n each instance from
H, lower alkyl, substituted lower alkyl, lower haloalkyl,
or substituted lower haloalkyl, or R; and R, can join
together to form a 3 to 6 membered ring or a substituted
3 to 6 membered ring;

R; 1s selected tfrom OH, SH, NH,, lower alkyl, substituted
lower alkyl, lower alkoxy, substituted lower alkoxy, or
sulfanyl;

R, 1s selected from H, OH, lower alkoxy, SH, NH,,
NHSO,R,, or sulionyl;

R 1s selected from H, lower alkyl, or substituted lower
alkyl;

each R, 1s independently selected from H, F, Cl, Br, I, alkyl,
substituted alkyl, haloalkyl, perhaloalkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, NR,R |
C(O)OR,, OR,, SRy, SO,R,, CN, NO,, aryl, substituted
aryl, arylalkyl, substituted arylalkyl, heteroaryl, substi-
tuted heteroaryl, heteroarylalkyl, substituted heteroary-
lalkyl, heterocyclyl, substituted heterocyclyl, heterocy-

ASP

Lys
430

Phe

ASP

Ser

Glu

Val
510

25

30

35

40

45

50

55

60

65

Lys
415

Met

Pro

Gly

Glu
495

Lys

US 8,048,394 B2

2la
400

Leu

ASpP

Thr

Agn

Gly

480

Ala

ASp

90

clylalkyl, substituted
alkoxycarbonyl, substituted
Y—R,,, wherein:

Y 1s selected from —N(R ;) —7Z—or —7Z—N(R, ; )—;

7. 1s selected from C(O), SO,, alkylene, substituted alky-
lene, alkenylene, substituted alkenylene, alkynylene, or
substituted alkynylene;

R, 1s selected from H, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, or substituted alkynyl;

R, 1s selected from H, heterocyclyl, substituted heterocy-
clyl, aryl, substituted aryl, heteroaryl or substituted het-
croaryl;

R, ; 1s selected from H, lower alkyl, or substituted lower
alkyl; and

R, and R are independently selected from H, lower alkyl,
substituted lower alkyl, lower haloalkyl, or substituted
lower haloalkyl, or R ,and R  can join together to form a
3 to 6 membered ring or a substituted 3 to 6 membered
ring,

wherein:

the term “heteroaryl” refers to 5 to 10 membered aromatic
rings that include 1 to 3 heteroatoms independently
selected from N, O, or S;

the term “heterocyclyl” refers to a saturated or unsaturated,
but not aromatic, 3 to 6 membered ring in which 1 or 2
carbon atoms (and any associated hydrogen atoms) are
independently replaced with a heteroatom selected from
N, O, or S;

the term “heteroarylalkyl” refers to an acyclic alkyl group
in which one of the hydrogen atoms bonded to a carbon
atom 1s replaced with a heteroaryl group; and

the term “heterocyclylalkyl” refers to an alkyl group 1n
which one of the hydrogen atoms of the alkyl is replaced
with a bond to a heterocyclyl group.

2. The compound according to claim 1, wherein R 1s OH.

3. The compound according to claim 1, wherein R 1s OH.

4. The compound according to claim 1, wherein at least one

instance of Ry 1s a substituted or unsubstituted aryl, a substi-

tuted or unsubstituted heteroaryl, a substituted or unsubsti-
tuted cycloalkyl, or a substituted or unsubstituted heterocy-

clyl group.

heterocyclylalkyl,
alkoxycarbonyl, or
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5. The compound according to claim 4, wherein at least one
instance of R, 1s a heterocyclyl group.
6. The compound according to claim 4, wherein at least one

instance of R 1s a heteroaryl group.

7. The compound according to claim 4, wherein at least one
istance of R, 1s a phenyl or substituted phenyl group.

8. The compound according to claim 1, wherein at least one
instance of R 1s chosen from a halo or a moiety substituted
with at least one halo.

9. The compound according to claim 1, wherem n 1s 1.

10. The compound according to claim 1, wherein R, and R,
are independently chosen from H and lower alkyl.

11. The compound according to claim 10, wherein R, and
R, are both H.
12. The compound according to claim 1, wheremn R; and R,

are independently selected from H and lower alkyl.
13. The compound according to claim 12, wherein R, and

R, are independently selected from H and methyl.

14. The compound according to claim 12, wherein R and
R, are both H.

15. The compound according to claim 1, whereinnis 1; R,
1s H; R, 1s H; Ry 1s H; R, 1s H; R 1s OH; R, 1s OH, or a
pharmaceutically acceptable salt thereot, a tautomer thereotf,
a pharmaceutically acceptable salt of the tautomer, or a mix-
ture thereof.

16. The compound according to claim 1, wherein R 1s H.

17. The compound according to claim 1, wherein R, 1s
lower alkyl.

18. The compound according to claim 1, wherein R, 1s
methyl.

19. The compound according to claim 1, wherein R, 1s a
substituted lower alkyl selected from an arylalkyl, a het-
croarylalkyl, a heterocyclylalkyl, a cycloalkylalkyl, a
hydroxyalkyl, an alkoxyalkyl, or a haloalkyl.

20. The compound according to claim 1, wherein the com-
pound 1s selected from one of the following compounds or 1s
a salt thereof, a tautomer thereof, or a salt of the tautomer:

4-(7-bromo-4-hydroxy-1-methyl-2-0xo0-1,2-dihydro-

quinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0x0-1,2-dihydroquinolin-3-yl)-
4-oxobutanoic acid;
4-(1-benzyl-7,8-ditluoro-4-hydroxy-2-oxo-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(6-bromo-4-hydroxy-1-methyl-2-0xo0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(5-bromo-4-hydroxy-1-methyl-2-0xo0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(5,8-difluoro-4-hydroxy-1-methyl-2-oxo0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(7,8-difluoro-4-hydroxy-1-methyl-2-oxo0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid; or
4-(3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-oxo-1,
2-dihydroquinolin-7-yl)benzoic acid.

10

15

20

25

30

35

40

45

50

21. The compound according to claim 1, wherein the com- 55

pound 1s selected from one of the following compounds or 1s
a salt thereol, a tautomer thereof, or a salt of the tautomer:

92

4-(4-hydroxy-6-10do-1-methyl-2-oxo0-1,2-dihydroquino-
lin-3-yl)-4-oxobutanoic acid;
4-(7,8-difluoro-4-hydroxy-6-10do-1-methyl-2-oxo0-1,2-
dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0xo0-6-phenyl-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
4-(6-(4-fluorophenyl)-4-hydroxy-1-methyl-2-0xo0-1,2-di-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(6-(3-fluorophenyl)-4-hydroxy-1-methyl-2-0xo0-1,2-di-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(6-(2-fluorophenyl)-4-hydroxy-1-methyl-2-0xo0-1,2-di-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-oxo-1,
2-dihydroquinolin-6-yl)benzoic acid;
3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-oxo0-1,2-
dihydroquinoline-6-carboxylic acid;
4-(6-cyclopropyl-7,8-difluoro-4-hydroxy-1-methyl-2-
0x0-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(7,8-ditluoro-4-hydroxy-1-methyl-2-0x0-6-(tetrahy-
drofuran-2-yl)-1,2-dihydroquinolin-3-yl)-4-oxobu-
tanoic acid;
4-(8-chloro-7-fluoro-4-hydroxy-1-methyl-2-oxo-1,2-d1-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-("7,8-dichloro-4-hydroxy-1-methyl-2-0x0-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl)-4-hydroxy-1-methyl-2-oxo0-1,2-
dihydroquinoline-7-carboxylic acid;
4-(7,8-difluoro-4-hydroxy-1-methyl-2-0x0-6-(tetrahy-
drofuran-3-yl)-1,2-dihydroquinolin-3-yl)-4-oxobu-
tanoic acid;
4-(4-hydroxy-1-methyl-2-oxo-7-(trifluoromethyl)-1,2-d1-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-0xo0-7-phenyl-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid;
3-(3-carboxypropanoyl)-7,8-difluoro-4-hydroxy-1-me-
thyl-2-ox0-1,2-dihydroquinoline-6-carboxylic acid;
4-(7,8-ditluoro-4-hydroxy-1-methyl-2-o0xo-6-phenyl-1,2-
dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-oxo0-6-phenyl-7-(trifluorom-
cthyl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-oxo-7-(thiophen-2-yl)-1,2-d1-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(4-hydroxy-1-methyl-2-oxo-7-(thiophen-3-yl)-1,2-di-
hydroquinolin-3-yl)-4-oxobutanoic acid;
4-(6-cyclopropyl-4-hydroxy-1-methyl-2-0xo-7-(trifluo-
romethyl)-1,2-dihydroquinolin-3-yl)-4-oxobutanoic
acid;
4-(1-benzyl-7-bromo-4-hydroxy-2-oxo-1,2-dihydro-
quinolin-3-yl)-4-oxobutanoic acid; or
4-(1-benzyl-4-hydroxy-2-oxo0-1,2-dihydroquinolin-3-yl)-
4-oxobutanoic acid.
22. The compound of claim 1, wherein the CPHI1 IC,,
value divided by the PHD?2 IC., value 1s greater than 10.
23. A pharmaceutical composition comprising at least one
pharmaceutically acceptable excipient, and a therapeutically
elfective amount of the compound according to claim 1.
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